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Xerion Pharmaceuticals AG 

Neuropilin-1 Inhibitors 

The present invention relates to the use of molecules interfering with the function 
5 of neuropilin-1 in tumor cells for the treatment of specific cancers* Polypeptides, 
compositions and methods are provided that are useful for reducing or inhibiting 
the invasiveness and/or the metastatic potential of specific tumor cells. Further- 
more, a method is provided that allows to determine whether a naturally occurring 
tumor cell depends on functional neuropilin-1 for its invasiveness and/or meta- 
10 static potential. 

BACKGROUND OF THE INVENTION 

Malignant tumors shed cells, which migrate to new tissues and create secondary 
15 tumors. The process of generating secondary tumors is called metastasis and is a 
complex process in which tumor cells colonize sites distant from the primary tu- 
mor. Recently, research has been focused on identifying specific proteins involved 
in metastasis, which can be used as a basis for better diagnostic or improved 
therapeutic strategies. Cell adhesion molecules (CAM's), which mediate cell-cell 
20 or cell-matrix interactions, have been proposed to be involved in the process of 
metastasis. Cell adhesion in normal cells involves interactions between numerous 
cell surface proteins* Adhesive interactions are known to involve interactions be- 
tween substances surrounding the cell (e.g., extracellular matrix molecules, for 
example fibronectin, vitronectin and laminin) and extracellular adhesion recep- 
25 tors. It has also become apparent that cell adhesion molecules fulfill much more 
complex functions, which may result in cells acquiring the ability to proliferate 
and invade host tissues. 
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Liotta (1986) Cancer Res. 46, 1-7 has proposed a three-step hypothesis for the 
process of metastasis: The first step is tumor cell attachment via cell surface re- 
ceptors. The anchored tumor cell next secretes hydrolytic enzymes or induces host 
cells to secrete enzymes, which can degrade the matrix locally. Matrix lysis most 
5 likely takes place in a highly localized region close to the tumor cell surface^ The 
third step is tumor cell locomotion into the region of the matrix modified by pro- 
teolysis. Thus, invasion of the matrix is not merely due to passive growth pressure 
but requires active biochemical mechanisms. Degradation of the surrounding 
normal tissue is a central feature of invasiveness of malignant tumors. 

10 A protein involved in neuronal cell attraction and retraction is neuropilin-1. Neu- 
ropilin-1 is a transmembrane glycoprotein with a mass of approximately 130kDa. 
Neuropilin-1 is a multifunctional protein. Fujisawa et al. (1998) Cur. Opin. Neu- 
robiol. 8, 587-592 describe that neuropilin-1 acts as a receptor for the sema- 
phorin/collapsin family of neural guidance mediators. Further, neuropilin-1 has 

15 been associated with angiogenesis. Angiogenesis is the sprouting of new blood 
vessels, which is dependent on endothelial cell proliferation and migration. It oc- 
curs at specific times in development and growth, e.g. during development of the 
embryo or wound healing. (Folkman et al. (1987) Science 235, 442-447, Folkman 
(1991) J. Natl. Cancer Inst. 82, 4-6). Angiogenesis is also involved in the patho- 

20 genesis of disorders dependent on the growth of new blood vessels, the most rele- 
vant of which are tumor growth and growth of metastases (Hanahan et al. (1996) 
Cell 86, 353-364). Vascular endothelial growth factor (VEGF) herein is consid- 
ered to be the prime regulator for both physiological and pathological angiogene- 
sis, acting through VEGF receptors on endothelial cells and mediating angiogenic 

25 signals (Dvorak et al. (1999) Curr. Top. Microbiol. Immunol. 237, 97-132, Neu- 
feld et al. (1999) FASEB J. 13, 9-22). Expression of neuropilin-1 in endothelial 
cells enhances the binding of VEGF !6 5 to VEGFR-2 and VEGFieHnduced che- 
motaxis. According io.Gagnon _et_al..and 3VO -99/29729, neuropilin-1 acts-as a co- 
receptor that enhances VEGFR-2 activity (Gagnon et al. (2000) PNAS 97, 2573- 

30 2578). 
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Neuropilin-1 is also expressed on certain tumor cells of ektodermal origin, like 
cells derived from prostate and breast carcinoma as well as from melanoma. In 
experiments with breast cancer cells VEGF165 stimulated breast cancer cell motil- 
ity in a dose-dependent manner (WO 99/29729). A comparison between two types 
5 of rat prostate carcinoma cells, AT2.1 cells and AT3.1 cells showed that the 
highly motile AT3.1 cells expressed more neuropilin-1 than the less motile AT2.1 
cells. Collapsin-1, a ligand of neuropilin-1, inhibited the basal migration of PAE 
cells (porcine aortic endothelial cells) when cells were transfected with the neuro- 
pilin-1 cDNA to overexpress neuropilin-1. All this was interpreted by the authors 

10 of WO 99/29729 to suggest that neuropilin-1 expression was associated with a 
motile phenotype of tumor cells. However, it is dangerous and speculative to as- 
sign a physiological role for a protein based on a study in which it has been over- 
expressed, and it is an accepted standard in science to interpret results of overex- 
pression studies with great care. To give only one example, the peroxisomal pro- 

15 tein PEX 11 had been proposed, based on overexpression studies, to play a role in 
fatty acid oxidation. The careful studies of li and Gould (2002) J. Cell Biol. 156, 
643-651 showed that PEX 11 had no such role and instead acts on peroxisome 
division. 

The determination of the physiological role of a protein is a prerequisite for de- 
20 ciding whether interference with this protein's function might be a possible avenue 
for the treatment of disease or not. It must be kept in mind that in a physiological 
setting, that is to say in a naturally occurring tumor cell of a patient, neuropilin-1 
is overexpressed together with other proteins which can modulate and change the 
function of neuropilin-1. It is the functional interplay between neuropilin-1 and 
25 interacting proteins that determines its physiological role. 

As discussed in W099/29729 as well as in Soker et al., Cell (1998) 92, 735-745, 
neuropilin-1 can act as a co-receptor of VEGFR-2 for VEGF165 to mediate the 
effects of this regulator for both physiological and pathological angiogenesis. 
VEGFR-2 is expressed in endothelial and haematopoietic precursors, endothelial 
30 cells, nascent haematopoietic stem cells and the umbilical cord stroma only (for 
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review see Robinson and Stringer J. Cell Sci. (2001) 114, 853-865). If the cancer- 
related function of neuropilin-1 was dependent on its role in VEGF-signaling - as 
suggested by, e.g., WO 99/29729 - then this cancer-related function of neuropilin- 
1 should only be relevant for tissues which express neuropilin-1 and VEGFR-2 

5 together in the presence of VEGF. The expression of VEGFR-2 is, however, lim- 
ited to certain tissues. It is therefore unclear whether neuropilin-1 plays any can- 
cer-related role in those tissues, which do not express VEGFR-2. The authors of 
WO 99/29729 showed that VEGFies stimulated 231 breast cancer cell motility in 
a dose dependent-manner. They postulated that tumor cells, which do not express 

10 the VEGF receptors KDR or Flt-1, are responsive to VEGFies via the neuropilin-1. 

We now show that neuropilin-l-dependent invasion and/or adhesion can be inhib- 
ited by using the molecules of this invention. Surprisingly, we have found that 
stimulation of HT1080 cells with VEGFias has no influence on the invasiveness of 
cells. Invasiveness of HT1080 cells could only be stimulated in the presence of 
15 FCS. Therefore, we believe, while not wishing to be bound by theory, that neuro- 
pilin-1 mediated invasion and/or adhesion is independent on the stimulation of 
VEGFi65- 

The development of drugs, which inhibit metastasis of such naturally occurring 
tumor cells - and especially of metastatic sarcomas, which are hardly curable with 
20 current cancer treatments - wherein the metastatic potential depends on neuro- 
pilin-l-related invasion and/or adhesion, would therefore be of highest interest. 

We have now surprisingly discovered that neuropilin-1 acts as an active mediator 
of the invasion and/or adhesion of metastatic tumor cells. 

25 SUMMARY OF THE INVENTION 

ThTarf unbiased screenfor molecules that can inhibiririvasiveness and/or "adhesive- 
ness of naturally occurring tumor cells surprisingly an antibody fragment binding 
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to the extracellular domain of neuropilin-1 has been identified as such an inhibi- 
tor. 

The present invention relates to polypeptides, which can specifically bind to the 
extracellular domain of neuropilin-1 and inhibit neuropilin-1 function. 
5 Furthermore, the polypeptides of the invention can be labeled with detectable 
groups, if desired, or can be part of a bioconjugate. 

The invention further relates to pharmaceutical compositions comprising a bio- 
conjugate of the invention. 

In a further embodiment the invention relates to nucleic acid molecules encoding 
10 a polypeptide of the invention, as well as to vectors comprising such a nucleic 
acid and to host cells comprising such a vector. 

In a further embodiment the invention relates to the use of molecules inhibiting 
neuropilin-1 function for the manufacture of a medicament for the treatment or 
prevention of invasion and/or metastasis of naturally occurring cancer cells; e.g. 
15 of mesodermal origin, wherein invasiveness and/or metastatic potential of said 
cancer cells depends on neuropilin-1 function. 

In a further embodiment the invention relates to a method of treating or prevent- 
ing invasion and/or metastasis in a patient, wherein the invasiveness and/or meta- 
static potential of said cancer cells depends on neuropilin-1 function. 
20 In a further embodiment the invention relates to a method to determine the de- 
pendency of the invasiveness and/or adhesiveness of a naturally occurring cancer 
cell on the functionality of neuropilin-1. 

In a further embodiment the invention relates to a method for the identification of 
a ligand useful for inhibiting the invasiveness and/or adhesiveness of a naturally 
25 occurring cancer cell, particularly the identification of such ligands that bind to 
the extracellular domain of neuropilin-1. 
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DET AILED DESCRIPTION OF THE INVENTION 

In order that the invention described herein may be more fully understood, the 
following detailed description is provided. As used herein, the following defini- 
tions shall apply unless otherwise indicated. 

5 A "polypeptide" as used herein is a molecule comprising more than 10, preferably 
more than 20, most preferably more than 30, and less than 10000, more preferably 
less than 2500, most preferably less than 1000 aminoacids. Also polypeptides 
with substantial amino acid sequence identity and polypeptides, which contain a 
low percentage of modified or non-natural amino acids are encompassed. 

10 The terms "antibody" and "immunoglobulin", as used herein refer to any immu- 
nological binding agent, including polyclonal and monoclonal antibodies. De- 
pending on the type of constant domain in the heavy chains, antibodies are as- 
signed to one of five major classes: IgA, IgD, IgE, IgG, and IgM. Several of these 
are further divided into subclasses or isotypes, such as IgGl, IgG2, IgG3, IgG4, 

15 and the like. The heavy-chain constant domains that correspond to the different 
classes of immunoglobulins are termed alpha, delta, epsilon, gamma and mu, re- 
spectively. The subunit structures and three-dimensional configurations of differ- 
ent classes of immunoglobulins are well known. 

Antibodies may be also selected from modified immunoglobulins, for example 
20 chemically or recombinantly produced antibodies, CDR grafted antibodies or hu- 
manized antibodies, site directed mutagenized antibodies that exhibit substantial 
amino acid sequence identity in their CDR regions, particularly in their CDR3 
region, to the corresponding antibody fragments of the invention and retain sub- 
stantially the same affinity forneuropilin-1 binding as the corresponding antibody 
25 fragments. 

The CDRs (complementary determining region) of an antibody are the parts of 

-these molecules-mat-determine their specificity and make contact- with specific" " - 

ligands. The CDRs are the most variable parts of the molecule and contribute to 
the diversity of these molecules. They are structurally defined in a human IgG as 
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amino acids 24 to 41 (CDR-L1), 50 to 57 (CDR-L2) and 90 to 101 (CDR-L3) of 
the light chain and amino acids 26 to 38 (CDR-H1), 51 to 70 (CDR-L2) and 100 
to 125 (CDR-H3) of the heavy chain (see Kabat et al. (1987) 4th edn US Depart- 
ment of Health and Human Services, Public Health Service, N1H, Bethesda). The 
5 CDR regions of an antibody fragment can easily be determined by somebody 
skilled in the art by aligning the antibody fragment with said human IgG, e.g. us- 
ing a program of the NCBI that allows to "Blast", and thereby align, two se- 
quences with one another, and identifying the amino acids of the antibody frag- 
ment corresponding to the CDRs of a human IgG. 
10 Substantial amino acid sequence identity as used herein means that at least 70%, 
preferably at least 75%, 80%, 85%, 90%, more preferably all but 5, still more 
preferably all but 3 and even more preferably all but 1 of the amino acids of two 
aligned amino acid sequences, particularly of aligned CDRs, are identical. 
The term "antibody fragment" is used to refer to any fragment of an antibody-like 
15 molecule that has an antigen binding region, and this term includes antibody 
fragments such as scFv, dsFv, Fab', Fab, F(ab') 2 , Fv, single domain antibodies 
(DABs), diabodies, and the like. The techniques for preparing and using various 
antibody-based constructs and fragments are well known in the art (see Kabat et 
al. (1991) J. Immunol. 147, 1709-19), specifically incorporated herein by refer- 
20 ence. 

"scFv" antibody fragments comprise the VH and VL domains of an antibody, 
wherein these domains are present in a single polypeptide chain. Generally, the 
scFv polypeptide further comprises a polypeptide linker between the VH and VL 
domains that enables the scFv to form the desired structure for antigen binding. 

25 A "Fv" fragment is the smallest antibody fragment that retains an intact antigen 
binding site. 

A "dsFv" is a disulfide stabilized Fv. 

A "Fab" fragment, is an antigen binding fragment, containing complete light 
chains paired with the VH and CHI domains of the heavy chain. 
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A 'Tab"' fragment, is a reduced F(ab')2 fragment. 

A "F(ab') 2 " fragment, is a bivalent fragment comprising two Fab fragments linked 
by a disulfide bridge at the hinge region. 

A "single domain antibody (DAB)" is an antibody with only one (instead of two) 
5 protein chain derived from only one of the domains of the antibody structure. 
Dabs exploit the finding that, for some antibodies, half of the antibody molecule 
binds to its target antigen almost as well as the whole molecule (Davies et al. 
(1996) Protein Eng. 9: 531-537. 

"Diabodies" are bivalent or bispecific antibodies in which VH and VL domains 
10 are expressed on a single polypeptide chain, but using a linker that is too short to 
allow for pairing between the two domains on the same chain, thereby forcing the 
domains to pair with complementary domains of another chain and creating two 
antigen binding sites (Holliger et al. (1993) Proc. Natl. Acad. Sci. USA, 90, 6444- 
6448). 

15 The terms "label" or "labeled" refers to a detectable marker or the incorporation 
of such, respectively, e.g., by incorporation of a fluorophore-, chromophore- or 
radio-labeled amino acid or attachment of a fluorophore-, chromophore- or radio- 
label to a polypeptide or attachment of moieties that can be detected by a labeled 
second molecule containing a fluorescent marker or enzymatic activity that can be 

20 detected by an optical or a colorimetric method. An example for such a two-step 
detection system is the well known biotin-avidin system. Various methods of la- 
beling polypeptides and glycoproteins are known in the art and may be used (for 
example see Lobl et al. (1988) Anal. Biochem., 170, 502-51 1). 

An "epitope" includes any protein determinant capable of specific binding to an 
25 immunoglobulin or an antibody fragment. Epitopic determinants usually consist 
of chemically active surface groupings of molecules such as exposed amino acids, 
- . aminosugars, or- other -carbohydrate side chains- and usually have specific three- 
dimensional structural characteristics, as well as specific charge characteristics. 
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A "naturally occurring cancer cell" as used herein is a cell that has not been trans- 
fected, transduced or otherwise genetically engineered in the laboratory. Such a 
cell does not comprise artificial DNA sequences, e.g. of vectors, or DNA se^ 
quences being found only in other species, but not usually in the species from 

5 which the naturally occurring cancer cell was derived. However, a naturally oc- 
curring cancer cell may comprise sequences that are not usually found in the spe- 
cies from which it was derived, if those sequences have arisen due to the proc- 
esses of mutation and selection that took place within the individuum from which 
the naturally occurring cancer cell was derived, and/or during continued culture of 

10 the naturally occurring cancer cell. 

Selected cancer cell-types as used herein consist of tumor cells derived from , e.g. 
the mesoderm, preferably derived from the group of neoplasms consisting of soft 
tissue tumors and sarcomas, fibromatous neoplasms, myxomatous neoplasms, 
lipomatous neoplasms, myomatous neoplasms, complex mixed and stromal neo- 
15 plasms, synovial-like neoplasms, mesothelial neoplasms, lymphatic vessel tumors, 
osseous and chondromatous neoplasms, giant cell tumors, miscellaneous bone 
tumors, odontogenic tumors, hodgjrin's and non-HodgJrins's lymphoma, plasma 
cell tumors, mast cell tumors, immunoproliferative diseases and leukemias, in 
particular tumor cells derived from the group of neoplasms consisting of soft tis- 
20 sue tumors and sarcomas, fibromatous neoplasms, myxomatous neoplasms, li- 
pomatous neoplasms, myomatous neoplasms, complex mixed and stromal neo- 
plasms, synovial-like neoplasms, mesothelial neoplasms, lymphatic vessel tumors, 
osseous and chondromatous neoplasms, giant cell tumors, miscellaneous bone 
tumors, odontogenic tumors, in particular tumor cells derived from sarcomas, in 
25 particular derived from sarcomas of the bone or sarcomas of soft tissue. Neoplas- 
mas can also be derived from brain, central nervous system, lungs, stomach, lower 
intestine, liver, kidneys and the pancreas. 

In one embodiment sarcomas can be all sarcomas with the exception of angiomas 
and haemangiomas. 
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"Treating metastatic tumors" or "treating micro-metastases", as used herein means 
that the metastasis of the tumor is stabilized, prevented, delayed, or inhibited by 
the molecule of the invention, either as a single medicament or in combination 
with other medicaments. Stable disease or "No Change" (NC) is a description for 
the course of the disease with either no change of the metastases or a reduction of 
less than 50% or an increase of less than 25 % over at least 4 weeks. Prevention 
can be, for example, that no new metastases are detected after the treatment is 
initiated. This can lead to a two- to three-fold median and/or a %-year survival 
rate of treated patients compared with untreated patients. A delay can signify a 
period of at least 8 weeks, 3 months, 6 months or even one year in which no new 
metastases are detected after the treatment is initiated. Inhibition can mean that the 
average size or the total number of new metastases is at least 30%, 40%, 50%, 
60%, 70%, 80% or even 90% lower in a group treated with the molecule of the 
invention in comparison with an untreated group. Number, size and prevalence of 
metastases can be detected by a skilled practitioner in the field of oncology fol- 
lowing generally accepted practice and diagnostic procedures for the detection of 
metastases, for example as outlined in Harrisons Principles of Internal Medicine 
15 th ed 2001 Mc Graw Hill. 

"Metastatic tumors" as used herein includes both tumors at the primary site capa- 
ble of metastasizing and metastasized tumors at a secondary site. Such metastatic 
tumors can be of any organ or tissue origin, like brain, central nervous system, 
lungs, stomach, lower intestine, liver, kidneys or the pancreas, etc., in particular 
tissue of mesodermal origin such as bone, spleen, thyroid, endometrial, ovarian, or 
lymphoid tissue. 

A micro-metastase is an accumulation of tumor cells with a size smaller than 2 
mm, which can usually only be detected by histological methods. 

"Invasiveness" as used herein is the ability of a cell to migrate through a layer of 
other cells or to* migrate through tht extracelluiar matrix", 'evasiveness can be as- 
sessed by the Matrigel assay described in Example 8 or Example 9. Invasion is 
measured as cells that reach the lower surface of the filter during a certain incuba- 
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tion period. When more than 40% of cells within 6h to 12h reach the other side of 
the filter and form colonies in an invasion assay like in Example 8 or Example 9, 
the naturally occurring cancer cell is defined as invasive. The control cells instead 
form only up to 5% colonies in the same time frame and are defined as non- 
5 invasive. 

"Adhesiveness" as used herein is the ability of a cell to reattach after they have 
been removed from the matrix on which it had been grown, resuspended as a so- 
lution of single cells (not in direct contact with other cells of the solution), and 
replated on a matrix to which adhesion is possible. A cell is defined as adhesive if 
10 in an assay as described in Example 1 1 or Example 12, more than 40% of the cells 
adhere within a time of 30-120 min. Instead, only up to 5% of the control cells 
adhere within the same time frame. 

Metastatic potential as used herein is the ability of a tumor cell to form a new tu- 
mor at a site distant from the primary tumor of which the tumor cell was derived 

15 (a metastase). Metastatic potential can be measured by injecting, e.g. lxlO 6 , cells 
into the lateral tail vein of athymic nude mice and determining the number of tu- 
mor nodules in the lung, e.g. 2 months post injection, e.g. as described in the sec* 
tion 'Tumor cell injections" on page 2346 of Huang et al (1996) Oncogene 13, 
2339-2347, or the sections "Animals and production of tumors" and "Histochemi- 

20 cal analysis for calcified matrix" on page 1882 of Radinsky et al. (1994) Onco- 
gene 9: 1877-1883. A cell line to produce more than 3, preferably more than 8, 
more preferably more than 20 tumor nodules in the lung in this assay is consid- 
ered metastatic. 

Therapeutically effective amounts are amounts which eliminate or reduce the pa- 
25 tienfs tumor burden, or which prevent, delay or inhibit metastasis. The dosage 
will depend on many parameters, including the nature of the tumor, patient his- 
tory, patient condition, the possible co-use of cytotoxic agents, and methods of 
administration. Methods of administration include injection (e.g., parenteral, sub- 
cutaneous, intravenous, intraperitoreal, etc), for which the molecule inhibiting 
30 neuropilin-1 function is provided in a nontoxic pharmaceutically acceptable car- 
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rier. In general, suitable carriers and diluents are selected so as not to significantly 
impair biological activity of the binding agent (e.g., binding specificity, affinity or 
stability), such as water, saline, Ringer's solution, dextrose solution, 5% human 
serum albumin, fixed oils, ethyloleate, or liposomes.). Acceptable carriers can 
5 include biocompatible, inert or bio-absorbable salts, buffering agents, oligo- or 
polysaccharides, polymers, viscoelastic compound such as hyaluronic acid, vis- 
cosity-improving agents, preservatives, and the like. In addition, the pharmaceuti- 
cal composition or formulation may also include other carriers, adjuvants, or 
nontoxic, non-therapeutic, non-immunogenic stabilizers and the like. Typical dos- 
10 ages may range from about 0.01 to about 20 mg/kg, or more particularly from 
about 1 to about 10 mg/kg. 

Therapeutic methods employing molecules inhibiting neuropilin-1 function may 
be combined with chemotherapy, surgery, and radiation therapy, depending on 
type of the tumor, patient condition, other health issues, and a variety of factors. 
15 The molecules inhibiting neuropilin-1 function may also be used as the single 
effective medicament of a therapeutic composition. 

A "molecule inhibiting neuropilin-1 function", is a molecule resulting in inhibi- 
tion of the biological activity of neuropilin-1. This inhibition of the biological 
activity of neuropilin-1 can be assessed by measuring one or more indicators of 

20 neuropilin-l's biological activity, such as neuropilin-1 dependent invasiveness or 
neuropilin-1 dependent adhesion. These indicators of neuropilin-l's biological 
activity can be assessed by one or more of several in vitro or in vivo assays (see, 
Examples 8 or 9 and Examples 11 or 12). Preferably, the ability of a molecule to 
inhibit neuropilin-1 activity is assessed by inhibition of neuropilin-l-induced in- 

25 vasiveness or adhesion of invasive human sarcoma cells, particularly the cells 
used in Examples 8 and 9 or Examples 1 1 and 12. 

A "molecule inhibiting neuropilin-1 function" of the invention is not a molecule 
which is-a general inhibitor of protein-function; like a protease", like a denaturing" 
agent, e.g. urea or guanidinium hydrochloride, like heavy metal atoms or like 
30 small molecules (e.g. aldehydes or isocyanates) reacting covalently and non- 
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specifically with biomolecules Oipids, proteins, sugars). A molecule inhibiting 
neuropilin-1 function is characterized by its ability to inhibit neuropimvl function 
at a concentration at which it does not inhibit the function of the insulin receptor 
(e.g. as determined in an anti-Phosphotyrosine Western Blot Assay, see e.g. B. 
5 Cariou et al. (2002) J Biol Chem., 277, 4845-52) and the Acetylcholin receptor 
(e.g. as determined by measuring the Ca influx, see M. Montiel et al. (2001) Bio- 
chem Pharmacol. 63, 337-42.) and the B-CAM cell surface glycoprotein (e.g. by 
determining binding of hemoglobin A red blood cells (AA RBCs) to immobilized 
laminin as described in the section "Flow chamber assays" on page 2551 of Udani 
10 et al. (1998) J. Clin. Invest. 101, 2550-2558). Only a molecule inhibiting neuro- 
pilin-1 function but at the same concentration not significantly affecting the func- 
tion of the other three receptors mentioned is a molecule inhibiting neuropilin-1 
function as used in this patent. Inhibition is understood to be at least a 15%, pref- 
erably a 20%, more preferably a 25%, 30%, 40%, 50% or even a 60% decrease in 
15 function, as defined by neuropilin-1 function in an invasion and/or adhesion assay 
as mentioned above, when compared to a negative control with the same experi- 
mental conditions, but without the molecule of the invention. A molecule is de- 
fined as not significantly affecting the function of the other three receptors if the 
decrease in function affected by the molecule of the invention is less than 10%, 
20 more preferably less than 5%. 

Additionally, in the case of a molecule of the invention which inhibits gene ex- 
pression of neuropilin-1, such a molecule decreases neuropilin-1 expression by 
more than 50%, preferably by more than 80%, still more preferably by more than 
90%, most preferably by more than 95% when measured in a quantitative western 
25 blot normalized to the level of beta tubulin present, when present in an experiment 
at a concentration of 10 nM to 100 uM, preferably at around 1 uM, in which the 
amount of neuropilin-1 is compared between two otherwise identical samples, 
wherein in one sample the molecule of the invention was allowed to inhibit neu- 
ropilin-1 expression. In the same experiment the molecule of the invention does 
30 not decrease the amount of the beta tubulin present per cell by more than 20%, 
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and said molecule does not decrease the relative level of the insulin receptor and 
the B-CAM cell surface glycoprotein by more than 20%. 

Additionally, in the case of a polypeptide of the invention, particularly an anti- 
body or antibody fragment of the invention, the polypeptide of the invention is 
5 considered to inhibit the biological function of neuropilin-1 if it reduces the inva- 
siveness and/or adhesiveness of naturally invasive cancer cells in an experiment 
as in Example 8 or 9 or Example 11 or 12 by more than 15%, preferably more 
than 20%, more preferably a 25%, 30%, 40%, 50% or even a 60% decrease in 
neuropilin-1 function as defined above, when said antibody fragment is present at 
10 a concentration of 1 nM to 50 uM, preferably around 20 uM. 

Additionally, in the case of a small chemical compound of the invention, said 
compound is considered to inhibit the biological function of neuropilin-1 if it re- 
duces the invasiveness and/or adhesiveness of naturally invasive cancer cells in an 
experiment as in Example 8 or 9 and Example 11 or 12 by more than 15%, pref- 

15 erably more than 20%, more preferably a 25%, 30%, 40%, 50% or even a 60% 
decrease in neuropilin-1 function as defined above, when present at a concentra- 
tion of 10 nM to 100 uM, preferably at around 1 uM, while not affecting cell 
morphology, cell cycle progression (determined by analyzing the DNA content of 
a cell population by propidium iodide staining and FACS analysis), and not in- 

20 creasing the percentage of the cells of the culture that show signs of apoptosis 
(determined by measuring the percentage of cells showing DNA fragmentation, 
e.g. by a so called tunnel-assay). A small chemical compound as used in this in- 
vention is a molecule with a molecular weight between 50 Da and 10000 Da, 
preferably between 100 Da and 4000 Da, more preferably between 150 Da and 

25 2000 Da, or a physiologically acceptable salt thereof. 

"Identifying" as used herein means the identification of a biomolecule having de- 
sired properties from a mixture of biomolecules comprising related but non- 
identical biomolecuies "with slightly different properties. 

A "ligand" as used herein is a molecule displayable by an amplifiable ligand- 
30 displaying unit. A ligand is that part of an ALDU through which the ALDU can 
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bind to a target Preferably it is a polypeptide as defined above, an RNA- 
oligonucleotide or a DNA-oligonucleotide an oligonucleotide comprising more 
than 20 base units but less than 10,000, preferably less than 1,000 base units. A 
ligand can bind to an extracellular region of an antigen. This binding may have 
5 specificity in the sense that the ligand binds to one antigen with high affinity but 
to a moderately related antigen with lower, for example 10- or 50- or 200-fold 
lower affinity. Moderately related antigens are antigens with up to 30 % amino 
acid identity in the extracellular regions. 

A ligand "binding specifically to a neuropilin-1" as mentioned herein can be a 
10 ligand which binds to neuropilin-1 under the buffer conditions given in Examples 
2 and 3. The dissociation constant between the ligand and neuropilin-1 can be 
measured, e.g. by use of the so-called BIACORE System (see, for example, Fi- 
vash et al. Curr Opin Biotechnol. (1998) 9, 97-101) and "binding specifically" can 
then be understood to mean that the dissociation constant between the ligand and 
15 neuropilin-1 is lower than 10 pM, preferably lower than 1 jiM, more preferably 
lower than 500, 400, 300, 200, 100, 50, 20 nM, most preferably from 0,1 nM to 20 
nM if measured under standard conditions, for example at 20°C, ambient pressure 
and in a suitable buffer, e.g. 20 mM Tris, 100 mM NaCl, 0,1 mM EDTA at an 
overall pH of 7.0. Further, this molecule does not bind to neuropilin-2, which is 
20 another member of the neuropilin family and shares a 47% homology to neuro- 
pilin-1. Thus, the dissociation constant between the ligand and neuropilin-2 is 
higher than 100 |iM, preferably higher than 1 mM, or is alternatively at least 50- 
fold, preferably at least 200-fold, 1000-fold or 5000-fold worse (higher) than the 
dissociation constant between ligand and neuropilin-1. 

25 The term "at least one" as used here means "one and more than one", particularly 
one, two, three, four and five. 

The present invention relates to polypeptides, which can specifically bind to the 
extracellular region of neuropilin-1 and can inhibit neuropilin-1 function in inva- 
sion and/or metastasis. Those polypeptides comprise a sequence selected from the 
30 group consisting of SEQ ID NO. 1 and SEQ ID NO. 2. 
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In a preferred embodiment the polypeptide of the invention is an antibody frag- 
ment, in particular a scFv, dsFv, Fab', Fab, F(ab*)2, Fv, single domain antibody or 
diabody, more particularly a scFv, dsFv, Fv, single domain antibody or diabody, 
still more particularly a scFv, single domain antibody or diabody and even more 
preferably a scFv. 

Li another preferred embodiment the polypeptide of the invention is an antibody, 
in one preferred embodiment an antibody derived from a scFv antibody fragment, 
in another preferred embodiment a polyclonal or monoclonal antibody, particu- 
larly a human monoclonal antibody. . 

Anti-human neuropilin-1 binding antibodies may be selected from modified im- 
munoglobulins, for example chemically or recombinantly produced antibodies or 
humanized antibodies, site directed mutagenized antibodies, that exhibit substan- 
tial amino acid sequence identity in their CDR regions, particularly in their CDR3 
region, to the corresponding antibody fragments of the invention and retain sub- 
stantially the same affinity for neuropilin-1 binding as the corresponding antibody 
fragments. 

In another preferred embodiment the polypeptide of the invention is a human an- 
tibody selected from the group consisting of IgA, IgD, IgE, IgG, and IgM, in par- 
ticular IgG arid IgM, more particularly IgGl, IgG2a, IgG2b, IgG3, IgG4. 

In another preferred embodiment the CRD3 region of the antibody or the antibody 
fragment is identical to one of the CDR3 regions shown in Figure 10. 

In another preferred embodiment of the invention a polypeptide of the invention, 
particularly an antibody fragment or an antibody of the invention, is labeled with a 
detectable label. Particularly, examples for detectable labels are radioisotopes, 
chromophores, fluorophores, enzymes or radioisotopes. The detectable label can, 
for example, be selected from this group. 

- In another embodiment, the polypeptide of the inveritfoncan be cb'valeritly or non- ' 
covalently conjugated and/or coupled to or with, respectively, another protein, a 
solid matrix (e.g. like a bead), with itself to form multimers, a cytotoxic agent 
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further enhancing the toxicity to targeted cells, a cytostatic agent, a prodrug, or an 
effector molecule, which is able to modify the cell expressing neuropilin-1 or to 
recruit immune cells. All these conjugates are "bioconjugates" of the invention. 

A list of cytotoxic agents include, but is not limited to, daunorubicin, taxol, 
5 adriamycin, methotrexate, 5 FU, vinblastin, actinomycin D, etoposide, cisplatin, 
doxorubicin, genistein, andribosome inhibitors (e.g., trichosantin), or various 
bacterialtoxins (e.g., Pseudomonas exotoxin; Staphylococcus aureus protein A). 
Bioconjugates comprising the polypeptides of the invention, particularly the anti- 
body fragment or antibody of the invention, together with said cytotoxic moieties 
10 are made using a variety of bifunctional protein coupling agents. Some examples 
of such reagents are N-succinimidyl 3-(2-pyridyldithio)-propionate (SPDP), bi- 
functional derivatives of imidoesters such a dimethyl adipimidate HC1, active es- 
ters such as disuccinimidyl suberate, aldehydes such as glutaraldehyde, bisazido 
compounds such as bis-(R-azidobenzoyl)hexanediamine, bisdiazonium deriva- 
15 tives such as bis-(R-diazoniumbenzoyl)ethylenediamine, diisocyanates such as 
tolylene 2,6-diisocyanate, and bis-activated fluorine compounds such as 1,5- 
difluoro-2,4-dinitrobenzene. Methods useful for the production of bioconjugates 
are described in detail in March's Advanced Organic Chemistry: Reactions, 
Mechanisms and Structure, 5th Edition, Wiley-Interscience; or Bioconjugate 
20 Techniques, Ed. Greg Hermanson, Academic Press. 

The expression of a metastasis-associated neuropilin-1 antigen can be detected by 
using a bioconjugate or a polypeptide of the invention, particularly an antibody or 
an antibody fragment of the invention. A sample is taken from the subject, e.g., a 
biopsy specimen taken from tissue suspected of having a metastatic tumor. Gener- 
25 ally, the sample is treated before an assay is performed. Assays, which can be em- 
ployed include ELISA, RIA, EIA, Western Blot analysis, immunohistological 
staining and the like. Depending upon the assay used, the antigens or the antibod- 
ies can be labeled by an enzyme, a fluorophore or a radioisotope. (See, e.g., Coli- 
gan et al. (1994) Current Protocols in Immunology, John Wiley & Sons Inc., New 
30 York, New York; and Frye et al. (1987) Oncogene 4, 1 153-1 157.) 
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Therefore, one embodiment of the invention relates to the use of at least one poly- 
peptide of the invention and/or at least one labeled polypeptide of the invention 
and/or at least one bioconjugate of the invention for the detection of neuropilin-1. 
For example one polypeptide of the invention or one labeled polypeptide of the 
invention or one bioconjugate of the invention can be used for the detection of 
neuropilin-1, or one labeled polypeptide together with one bioconjugate or two or 
three polypeptides or two labeled polypeptides can be used. 

In another embodiment, the present invention encompasses a diagnostic kit. Such 
a kit comprises at least one bioconjugate and/or at least one labeled polypeptide of 
the invention and/or at least one polypeptide of the invention, particularly an anti- 
body fragment or an antibody of the invention, or a labeled version of these, and 
consists additionally of the reagents and materials necessary to carry out a stan- 
dard competition or sandwich assay. Said diagnostic kit may be used for the de- 
termination of the invasive potential of biological samples, in particular of certain 
cancer cell types. A kit will further typically comprise a container. 

By using the polypeptide of the invention, particularly the antibody fragment or 
antibody of the invention, it is further possible to produce anti-idiotypic antibod- 
ies, which can be used to screen antibodies to identify whether the antibody has 
the same binding specificity as a human monoclonal antibody of the invention and 
can also be used for active immunization (Herlyn et al. (1986) Science, 232, 100). 
Such anti-idiotypic antibodies can be produced using well-known hybridoma 
techniques (Kohler et al. (1975) Nature, 256:495). An anti-idiotypic antibody is an 
antibody, which recognizes unique determinants present on the antibody of inter- 
est. These determinants are located in the hypervariable region of the antibody. It 
is this region, which binds to a given epitope and, thus, is responsible for the 
specificity of the antibody. An anti-idiotypic antibody can be prepared by immu- 
nizing an animal with the polypeptide, particularly the antibody fragment or anti- 
body, of interest. The inimunized-anlmal'will rec'ogriize' and respond to" the idio- 
typic determinants of the immunizing antibody and produce an antibody to these 
idiotypic determinants. By using anti-idiotypic antibodies, it is possible to identify 
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other hybridomas expressing monoclonal antibodies having the same epitopic 
specificity. 

It is also possible to use the anti-idiotype technology to produce monoclonal anti- 
bodies, which mimic an epitope. For example, an anti-idiotypic monoclonal anti- 
5 body made to a first monoclonal antibody will have a binding domain in the hy- 
pervariable region, which is the "image" of the epitope bound by the first anti- 
body. Thus, the anti-idiotypic monoclonal antibody can be used for immunization, 
since the anti-idiotype monoclonal antibody binding domain effectively acts as an 
antigen. 

10 In another embodiment the modified polypeptide or the bioconjugate of the in- 
vention, binds to human neuropilin-1 and reduces the invasiveness and/or adhe- 
siveness of invasive human sarcoma cells by 15-70%, or preferably by 15-30%, 
20-40% or even at least 50%, when tested in an invasion assay (see Example 8 or 
9 and Example 11 or 12). 

15 In another embodiment, the antibody fragment of the invention specifically rec- 
ognizes one or more epitopes of neuropilin-1, or epitopes of conserved variants of 
neuropilin-1, or peptide fragments of the neuropilin-1. 

In another embodiment, the invention relates to the use of a molecule of the in- 
vention, particularly selected from the group consisting of a small chemical com- 
20 pound of the invention, a molecule inhibiting gene expression of neuropilin^l, a 
bioconjugate or a polypeptide of the invention, more particularly an antibody 
fragment or an antibody of the invention as a medicament. 

In another embodiment, the present invention relates to a pharmaceutical compo- 
sition comprising effective amounts of at least one, particularly one, molecule of 
25 the invention, particularly at least a bioconjugate of the invention or at least one of 
a molecule inhibiting gene expression of neuropilin-1, more particularly wherein 
the molecule is an antisense oligonucleotide against neuropilin-1, an interfering 
dsRNA (siRNA) or siRNA-like hairpin RNA against neuropilin-1 or a vector 
leading to cellular presence of siRNA against neuropilin-1 or siRNA-like hairpin 
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RNA against neuropilin-1, or alternatively wherein the molecule is an antibody 
fragment or antibody of the invention, in combination with a pharmaceutically 
acceptable carrier and/or a diluent. The pharmaceutical composition can be used 
for the treatment of conditions related to the over-expression or ectopic expression 
5 of human neuropilin-1, especially the treatment of metastatic tumors, especially of 
metastatic tumors derived from the group selected of cancer cell-types of pages 8 
and 9. 

Li another embodiment of the invention, pharmaceutical compositions are pro- 
vided comprising a pharmaceutically acceptable carrier and a therapeutically ef- 

10 fective amount of at least one molecule inhibiting neuropilin-1 function, particu- 
larly wherein the molecule inhibits gene expression of neuropilin-1, more par- 
• ticularly wherein the molecule is an antisense oligonucleotide against neuropilin- 
1, an interfering dsRNA (siRNA) or siRNA-like hairpin RNA against neuropilin-1 
or a vector leading to cellular presence of siRNA against neuropilin-1 or siRNA- 

15 like hairpin RNA against neuropilin-1. Alternatively the molecule inhibiting neu- 
ropilin-1 function can particularly be a molecule which can bind to the extracel- 
lular region of neuropilin-1, more particularly wherein the molecule is a small 
chemical compound or a modified polypeptide or the bioconjugate of the inven- 
tion, still more preferably wherein the molecule is a modified scFv of the inven- 

20 tion or a modified antibody derived from such a scFv of the invention. 

In another embodiment, the invention relates to a method of treating or preventing 
metastasis in a patient comprising the administration of a molecule inhibiting neu- 
ropilin-l function, in a pharmaceutical acceptable composition in an amount ef- 
fective to treat, i.e. inhibit, delay or prevent, metastasis of neuropilin-1 mediated 

25 invasion and/or adhesion, particularly wherein the molecule inhibits gene expres- 
sion of neuropilin-1, more particularly wherein the molecule is an antisense oligo- 
nucleotide against neuropilin-1, an interfering dsRNA (siRNA) or siRNA-like 
- - - -hairpin RNA-against -neuropilin-1 -or -a- vector- leading "to cellular presence- of * 
siRNA against neuropilin-1 or siRNA-like hairpin RNA against neuropilin-1. Al- 

30 ternatively the molecule inhibiting neuropilin-1 function can particularly be a 
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molecule which can bind to the extracellular region of neuropilin-1, which can be 
identified be the method of identifying a ligand binding specifically to the extra- 
cellular region of neuropilin-1 described below, more particularly wherein the 
molecule is a small chemical compound or an antibody or an antibody fragment or 
a modified polypeptide of the invention or a bioconjugate of the invention,, still 
more preferably wherein the molecule is a modified scFv of the invention or a 
modified antibody derived from such a scFv of the invention. This method of 
treating or preventing metastasis can be effective to reduce or inhibit the invasion 
and/or adhesion of cancer cells derived from mesodermal cells, in particular can- 
cer cells derived from sarcomas, in particular cancer cells derived from sarcomas 
of the bone and/or soft tissue. The cancer cells can be selected from the group of 
cancer cells described on page 8 and 9. 

The present invention further relates to a method to produce the polypeptide of the 
invention by recombinant techniques. These techniques are well known in the art 
(Skerra et al. (1993), Curr. Opin. Immunol. 5, 256-62; Chadd et al. (2001), Curr. 
Opin. Biotechnol. 12, 188-94). 

For example, nucleic acid sequences encoding a polypeptide of the invention, 
particularly an antibody fragment or an antibody (e.g., a gene encoding an anti- 
body fragment of Figure 10 or an antibody thereof) can be isolated and cloned 
into one or more polynucleotide expression vectors, and the vector can be trans- 
formed into a suitable host cell line for expression of a recombinant polypeptide 
of the invention. Expression of the gene encoding the polypeptide of the invention 
provides for increased yield of the polypeptide, and also allows for routine modi- 
fication of the polypeptide by introducing amino acid substitutions, deletions, ad- 
ditions and other modifications, for example humanizing modifications (Rapley 
(1995) Mol. Biotechnol. 3: 139-154) in both the variable and constant regions of 
the antibody fragment or of the antibody of the invention without critical loss of 
binding specificity or neuropilin-1 blocking function (Skerra et al. (1993) Curr. 
Opin. Immunol. 5, 256-262). 
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The present invention therefore relates to an above mentioned isolated nucleic 
acid molecule encoding any one of the polypeptides of the invention, particularly 
an antibody fragment of the invention, more particularly a scFv, dsFv, Fv, single 
domain antibody or diabody of the invention, still more particularly a scFv, single 
5 domain antibody, diabody of the invention or an antibody derived from such a 
scFv of the invention, and even more preferably a scFv of the invention or an an- 
tibody derived from such a scFv of the invention. 

In a preferred embodiment the present, invention relates to a nucleic acid molecule 
encoding a polypeptide comprising a sequence selected from the group consisting 
10 of SEQ ID NO. 1 and SEQ ID NO. 2. 

The present invention further relates to a vector comprising a nucleic acid of the 
invention. Particularly the vector is a plasmid, a phagemid, or a cosmid. 

For example, the nucleic acid molecule of the invention can be cloned in a suit- 
able fashion into procaryotic or eucaryotic expression vectors (Sambrook et al., 

15 "Molecular cloning: a laboratory manual" Second edition, Cold Spring Harbor 
Laboratory Press (1989)). Such expression vectors comprise at least one promo- 
tor, at least one signal for translation initiation, at least one nucleic acid sequence 
of the invention and - in the case of procaryotic expression vectors - a signal for 
translation termination, while in the case of eucaryotic expression vectors prefera- 

20 bly additional signals for transcriptional termination and for polyadenyjation. 

Examples for prokaryotic expression vectors are, for expression in Escherichia 
coli, e.g. expression vectors based on promotors recognized by T7 RNA polymer- 
ase, as described in US 4,952,496, for eucaryotic expression vectors for expres- 
sion in Saccharomuces serevisiae, e.g., the vectors p426Met25 or 526GAL1 
25 (Mummberg et al. (1994) Nucl. Acids Res., 22, 5767-5768), for the expression in 
insect cells, e.g., Baculovirus-vectors as e.g. described in EP-B1-0 127 839 or EP- 
5 i 9 ?21, and for the expression }p__m?rnmalian cells, e.g.^. the vectors 
Rc/CMV and Rc/RSV or SV40-vectors, which are commonly known and com- 
mercially available. 
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The molecular biological methods for the production of these expression vectors, 
as well as the methods of transfecting host cells and culturing such transfected 
host cells as well as the conditions for producing and obtaining the polypeptides 
of the invention from said transformed host cells are well known to the skilled 
5 person. 

The present invention further relates to a host cell comprising a nucleic acid of the 
invention and/or a vector of the invention, particularly wherein the host cell is a 
. microorganism like yeast or other fungi, like Escherichia coli, Bacillus subtilis or 
other bacteria. The host cell can also be a cell of higher eucaryotic origin, like an 
10 insect cell, preferably a virus infected insect cell, more preferably a baculovirus 
infected insect cell, or like a mammalian cell like HeLa, COS, MDCK 293- 
EBNA1, NSO or a hybridoma cell. 

The present invention relates further to a method for the production of a polypep- 
tide of the invention, particularly an antibody fragment of the invention, com- 
15 prising culturing a microorganism transformed with a recombinant vector com- 
prising DNA encoding a polypeptide of the invention, particularly an antibody 
fragment of the invention, and recovering said polypeptide of the invention, par- 
ticularly an antibody fragment of the invention or a fusion protein containing it, 
from the medium. 

20 The present invention shows that blocking neuropilin-1 function may inhibit inva- 
siveness and/or adhesiveness of certain cancer cells derived from group selected 
of cancer cell-types of pages 8 and 9, and particularly inhibits invasiveness and or 
adhesiveness of cancer cells, e.g., derived from human sarcoma cells, lymphoma 
cells and mesothelial neoplasms, more particularly human sarcoma cells. 

25 One embodiment of the invention is therefore the use of at least one, particularly 
one, molecule inhibiting neuropilin-1 function in the manufacture of a medica- 
ment for the treatment or prevention of invasion and/or metastasis of naturally 
occurring cancer cells, wherein invasiveness and/or metastatic potential of said 
cancer cells depends on neuropilin-1 function, particularly of such tumor cells 




-24- 



which are derived from mesodermal cells or cancer cells derived from the group 
selected of the cancer cell-types of pages 8 and 9. 

In one particular embodiment of the invention the molecule inhibits gene expres- 
sion of neuropilin-1. Particularly, the molecule inhibiting gene expression of neu- 
5 ropilin-1 can be an antisense oligonucleotide targeted against neuropilin-1, an 
interfering double stranded RNA, commonly known as siRNA (small interfering 
RNA) targeted against neuropilin-1, a siRNA-like hairpin RNAs targeted against 
neuropilin-1 function as inhibitors of gene expression, or a vector leading to cel- 
lular presence of siRNA targeted against neuropilin-1 or siRNA-like hairpin 
10 RNAs targeted against neuropilin-1. 

Antisense oligonucleotides are well known in the art as means to reduce gene ex- 
pression of a specific gene (see, for example, Probst J.C. (2000) Methods 22(3): 
271-281; Heasman J. (2002) Dev. Biol. 243(2): 209-214; Castanotto et al. (2000) 
Methods Enzymol. 313: 401-420 and Jen and Gewirtz (2000) Stem Cells. 18(5): 
15 307-319). 

Recently it has been found that short, double stranded RNAs potently and specifi- 
cally inhibit expression of a mRNA with a complementary exonic sequence. This 
phenomenon has been termed RNA interference (RNAi). These double stranded 
RNAs have been termed siRNAs, for small interfering RNAs. have a paired re- 

20 gion of at least 18, preferably at least 19 nucleotides (this paired, double stranded 
region targets them against an mRNA with a complementary exonic sequence), 
and have a length of 20 nucleotides to 25 nucleotides, preferably of 21 nucleotides 
to 23 nucleotides (Elbashir et al. (2001) Nature 411, 428-429). These siRNAs can 
be synthesized chemically by methods well known in the art and are commercially 

25 available (see e.g. suppliers given in Elbashir et al. above and also in Elbashir et 
al., (2002) Methods 26, 199-213) or by T7 transcription off a suitable DNA tem- 
plate (see Yu et al. (2002) PNAS 99, 6047-6052). They can be delivered to a wide 
range of cell types, in which inhibition of gene expression of a certain gene is de- 
sired, by, e.g., synthesizing the two RNA strands, annealing them and transfecting 
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them (see Elbashir et al. and Yu et al., above). Detailed protocols for the applica- 
tion of siRNAs are described in Elbashir et al., (2002) Methods 26, 199-213. 

Another way of effecting RNA interference is to transfect a plasmid that leads to 
the cellular production of siRNAs or siRNA like hairpin RNAs, which are also 

5 functional in RNAi. This can be done by plasmids which carry both, the sense and : 
the antisense strand of the siRNA under the control of a mammalian, preferrably 
human or mouse, U6 promotor, which leads to the transcription of both strands in 
a transfected cell, some of which anneal to form functional double stranded siR- 
NAs within the transfected cell (Miyagishi and Taira (2002) Nature Biotech. 19, 

10 497-500). Alternatively, the RNA species transcribed from the U6 promotor can 
be siRNA-like hairpin RNAs which consist of a 19-base pair siRNA stem with the 
two strands joined by a structured loop and a Ui-* 3' overhang at the end of the 
antisense strand (see Paul et al. (2002) Nature Biotech. 19, 505-508). Alterna- 
tively the RNA species transcribed from the U6 promotor can be short hairpin 

15 RNAs, which are transcribed as small temporal RNAs, short hairpin precursors of 
about 70 nucleotides, and processed into active siRNAs within the cell in which 
they are transcribed (see Paddison et al. (2002) Genes and Development 16, 948- 
958). All these methods based on transfection of plasmids have in common that 
they lead to the cellular production of siRNAs, which leads to the inhibition of the 

20 gene with an exonic region complementary to the at least 18 nucleotide long base 
paired region of the siRNA. It is clear that also future ways to affect the cellular 
presence of siRNAs will lead to the desired effect of inhibiting neuropilin-1 func- 
tion and are within the scope of the invention. 

In another preferred embodiment the molecule inhibiting neuropilin-1 inhibits the 
25 function of expressed neuropilin-1. 

Expressed neuropilin-1 is to be understood in this context as neuropilin-1 protein 
already present on naturally occurring cancer cells before any kind of treatment is 
initiated. 

These molecules are particularly molecules, which bind to the extracellular region 
30 of neuropilin-1. 
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The extracellular segment of neuropilin-1 is defined as that part of the neuropilin- 
1 protein outside of the cellular membrane, consisting of five domains al, a2, bl, 
b2 and c. Domains, which are specifically involved in cell adhesion are bl and b2. 
It should be appreciated that neuropilin-1 is a glycoprotein, so not only the men- 
5 tioned amino acids, but also the sugar modifications on them are considered as 
being part of the extracellular segment of neuropilin-1 . 

More particularly this molecule is selected from the group consisting of a small 
chemical compound, an antibody against neuropilin-1, an antibody fragment 
against neuropilin-1, a polypeptide of the invention, an anti-idiotypic antibody of 
10 the invention and/or a bioconjugate of the invention, especially wherein the mole- 
cule is a polypeptide and/or a bioconjugate of the invention. 

In another preferred embodiment the naturally occurring cancer cells, which de- 
pend on neuropilin-1 function for invasiveness, adhesiveness and/or metastatic 
potential can be any cancer cells wherein the cancer cells are cells derived from 

15 the group of neoplasms consisting of adenocarcinomas, sarcomas, morbus hodg- 
kin, non-hodgkin lymphoma of high and low malignancy, multiple myeloma, ma- 
lignant tumors of the brain, head and neck tumors, carcinoma of the thyroid, 
mesothelioma, leukemia, carcinoma of the esophagus, stomach and pancreas car- 
cinoma, primary carcinomas of the liver, carcinoma of bilary duct and bladder, 

20 colorectal carcinoma, basel cell carcinoma, malignant melanoma, osteosarcoma, 
malignant gliomas, Ewing carcinoma, soft tissue sarcoma, Kaposi sarcoma, neph- 
roblastoma, neuroblastoma, carcinoma of the kidney, testicular carcinoma, carci- 
noma of the urinary bladder, malignant tumors of the ovaries, carcinoma of the 
endometrium of the cervix, tumors of the adrenal gland, particularly from the 

25 group of neoplasms consisting of malignant fibrous histiocytoma, liposarcoma, 
fibrosarcoma, synovial sarcoma, osteosarcoma (parosteal osteosarcoma, periosteal 
osteosarcoma, small-cell osteosarcoma), chondrosarcoma, Ewing's sarcoma, gi- 
- ant-cell tumor.otbone, osteogenic sarcoma, leiomyosarcoma, rhabdomyosarcoma, 
mesothelioma, lymphangiosarcoma, myxosarcoma, endotheliosarcoma, chor- 

30 doma, Kaposi's sarcoma and lymphangioendotheliosarcoma. 
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The invention further pertains to the neuropilin-1 antigen as a draggable target 
Another aspect of the present invention pertains to antibody fragments that bind to 
human neuropilin-1 with high neutralizing capacity. 

Jn another embodiment of the invention, at least one polypeptide of the invention 
5 and/or a bioconjugate of the invention are used for identifying additional mole- 
cules that specifically bind human neuropilin-1, particularly in screening assays. 
These methods entail contacting a reference anti-neuropilin-1 antibody fragment 
with a target species comprising the neuropilin-1 domain in the presence of a pu- 
tative competitor test-binding agent. This step of contacting is conducted under 
10 conditions suitable for complex formation between the reference antibody frag- 
ment and the target species in the absence of the test-binding agent. Complex 
formation between the reference antibody fragment and the target species in the 
presence of the test-binding agent is detected as an indicator of specific binding 
activity of the test-binding agent to neuropilin-1. This screening method is useful 
15 for high throughput screening of, e.g., other antibody libraries or antibody frag- 
ment libraries, antisense oligonucleotide libraries or peptide and small molecule 
libraries to identify and characterize additional "molecules binding specifically to 
neuropilin-1". Competition is determined by an assay in which the antibody frag- 
ment, or other binding agent under test substantially inhibits specific binding of 
20 the reference antibody fragment to the target species containing the neuropilin-1 
domain. This can be determined for example by measuring binding of the refer- 
ence antibody fragment to a target species comprising neuropilin-1 domain in the 
presence and absence of a putative competitor, i.e. a "molecule binding specifi- 
cally to neuropilin-1" under conditions suitable for complex formation. Numerous 
25 types of competitive binding assays are known and routinely practicable within 
the invention, as described for example in U.S. Pat. No. 4,376,110. Typically, 
such assays involve the use of a target species containing the neuropilin-1 domain 
(e.g., purified neuropilin-1 or a cell line expressing the neuropilin-1 antigen), an 
unlabeled "molecule binding specifically to neuropilin-1", and a labeled reference 
30 antibody fragment or other binding agent. Competitive inhibition is measured by 
determining the amount of label bound to the target species in the presence of the 
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"molecule binding specifically to neuropilin-1". Usually the "molecule binding 
specifically to neuropilin-1" is present in excess. "Molecules binding specifically 
to neuropilin-1" identified by these competition assays ("competitive binding 
agents") include antibodies, antibody fragments, peptides, antisense oligonucleo- 
5 tides, small molecules and other binding agents that bind to an epitope or binding 
site bound by the reference antibody fragment, as well as a "molecule binding 
specifically to neuropilin-1" that bind to an epitope or binding site sufficiently 
proximal to an epitope bound by the reference antibody fragment. Preferably, 
competitive binding agents of the invention will, when present in excess, inhibit 
10 specific binding of a reference antibody fragment to a selected target species by at 
least 10%, preferably by at least 25%, more preferably by at least 50%, and even 
more preferably by at least 75%-90% or greater. 

In addition to a polypeptide of the invention, particularly a modified antibody 
fragment or a modified antibody of the invention, natural or artificial ligands, 

15 peptides, anti-sense, or other small molecules capable of specifically targeting 
human neuropilin-1 may be employed. Drugs can be designed to bind or other- 
wise interact and inhibit human neuropilin-1 based upon the present invention. In 
this regard, rational drug design techniques such as X-ray crystallography, com- 
puter-aided (or assisted) molecular modeling (CAMM), quantitative or qualitative 

20 structure-activity relationship (QS AR), and similar technologies can be utilized to 
focus drug discovery efforts. Rational design allows prediction of molecules, 
which can interact with proteins or specific parts thereof. Such molecule struc- 
tures can be synthesized chemically and/or expressed in biological systems. Small 
molecules may be produced by synthesizing organic compounds according to 

25 methods that are well known in the art. A plurality of peptides, semi-peptidic 
compounds or non-peptidic, and organic compounds may be synthesized and then 
screened in order to find compounds, which bind to neuropilin-1 with high neu- 
tx ^} zin 3 ? a P ac 5ly: ?^?ul^ly compoun^Jhat inhibh 

sion. See generally Scott and Smith, "Searching for Peptide Ligands with an Epi- 
30 tope Library", Science (1990), 249, 386-90 and Devlin et al., c< Random Peptide 
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libraries: A Source of Specific Protein Binding Molecules", Science, (1990), 249, 
40407. 

The present invention also provides methods of using the modified antibody or 
modified antibody fragments to inhibit human neuropilin-1 activity or to detect 
5 human neuropilin-1 in cancer cells, preferably sarcoma cells, either in vitro or in 
vivo. In a preferred embodiment, treating cells expressing the antigen with one or 
more modified antibody fragments causes or leads to a reduction or inhibition of 
the invasive or adhesive abilities of human cancer cells, particularly of human 
sarcoma cells. 

10 The migration of tumor cells into tissue is an important step in metastasis. The 
processes of adhesion and invasion can be studied in the transendothelial model 
(See, Woodward et aL (2002) Invest Ophthalmol Vis Sci 43, 1708-14 and 
Vachula et al. (1992) Invasion Metastasis 12, 66-81). The transendothelial model 
provides a useful ex vivo, e.g. an in vitro, system for the investigations of cellular 

15 interactions during the invasion process. 

The present invention therefore further provides an ex vivo, e.g. an in vitro 
method to determine the dependency of the invasiveness of a naturally occurring 
invasive cancer cell on the functionality of neuropilin-1. This method comprises 
the steps of: 

20 a. contacting the cells with a molecule inhibiting neuropilin-1 function; 

. b. contacting the cancer cell with a gel-like matrix, under conditions suitable 
for the growth of said cancer cells; and 

c. determining the migration of said cancer cells through the gel-forming, 
matrix. 

25 The term "gel-like matrix" as used herein is understood to be a semi-solid sub- 
stance with a water content of at least 90%, which allows cultivation of cancer 
cells in contact with the matrix arid allows migration of invasive cancer cells 
through a slab of said "gel-like matrix" of 0,1 mm to 1 mm, preferably 0,3mm 
thickness, but not migration of non-invasive cells. Examples for such a "gel-like 
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matrix" are substances resembling the extracellular matrix in protein and carbo- 
hydrate composition, particularly the commercially available "Matrigel". Par- 
ticularly the "gel-like matrix" comprises one of the proteins selected from the 
group consisting of the proteins collagen type IV, fibronectin and laminin. More 
5 particularly the gel-like matrix comprises the proteins collagen type IV, fibronec- 
tin and laminin. More preferably the gel-like matrix comprises the proteins colla- 
gen type IV, laminin, entactin, nidogen and heparan sulfate proteoglycans or col- 
lagen type IV, fibronectin, laminin, nidogen, entactin, and vitronectin. 

In a preferred embodiment the interfering molecule of step a) is a polypeptide that 
10 specifically binds to an extracellular epitope of neuropilin-1, particularly a modi- 
fied polypeptide of the invention, more particularly a modified antibody or a 
modified antibody fragment of the invention, still more particularly a modified 
antibody fragment, even more particularly a modified scFv, dsFv, Fv, single do- 
main antibody or diabody, especially a modified scFv, single domain antibody or 
15 diabody and even more preferably a modified scFv. 

In another preferred embodiment step a) of said method comprises the use of an 
antisense oligonucleotide against neuropilin-1, siRNA or siRNA-like hairpin 
RNA against neuropilin-1 or a vector leading to cellular presence of siRNA 
against neuropilin-1 or siRNA-like hairpin RNA against neuropilin-1. Particularly 
20 preferred is the use of siRNA or siRNA-like hairpin RNA against neuropilin-1 or 
a vector leading to cellular presence of siRNA against neuropilin-1 or siRNA-like 
haiipin RNA against neuropilin-1. 

The present invention therefore further provides an ex vivo, e.g. an in vitro 
method to determine the dependency of the adhesiveness of a naturally occurring 
25 invasive cancer cell on the functionality of neuropilin-1. This method comprises 
the steps of: 

a. contacting the cells with a molecule inhibiting neuropilin-1 function; 

b. contacting the cancer cell with a layer of ECM proteins, under conditions 
suitable for the growth of said cancer cells; and 
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c. determining the adhesion of said cancer cells to the layer of ECM proteins. 

The term ""layer of ECM proteins" as used herein is understood to be a semi-dry 
layer of a protein solution, which allows cultivation of cancer cells in contact with 
the layer and allows attachment of invasive cancer cells to said layer. The thick- 

5 ness of said ""layer of ECM proteins" is between 0,1 mm to 1 mm, preferably 
0,3mm thick. Examples for "ECM proteins are substances of the extracellular 
matrix. Particularly "ECM proteins are selected from the group consisting of the 
proteins collagens, entactin, nidogen, vitronectin, fibronectin and laminins. More 
particularly ECM proteins are selected from collagen S type I, collagen type IV, 

10 fibronectin and laminin. 

In a preferred embodiment the interfering molecule of step a) is a polypeptide that 
specifically binds to an extracellular epitope of neuropilin-1, particularly a modi- 
fied polypeptide of the invention, more particularly a modified antibody or a 
modified antibody fragment of the invention, still more particularly a modified 
15 antibody fragment, even more particularly a modified scFv, dsFv, Fv, single do- 
main antibody or diabody, especially a modified scFv, single domain antibody or 
diabody and even more preferably a modified scFv. 

In another preferred embodiment step a) of said method comprises the use of an 
antisense oligonucleotide against neuropilin-1, siRNA or siRNA-like hairpin 
20 RNA against neuropilin-1 or a vector leading to cellular presence of siRNA 
against neuropilin-1 or siRNA-like hairpin RNA against neuropilin-1. Particularly 
preferred is the use of siRNA or siRNA-like hairpin RNA against neuropilin-1 or 
a vector leading to cellular presence of siRNA against neuropilin-1 or siRNA-like 
hairpin RNA against neuropilin-1. 

25 For the remainder of the document the following definitions shall apply as well, 
unless otherwise indicated. 

As used herein "amplifiable ligand-displaying units" (ALDUs) are molecules or 
collections of molecules with dual function: they can bind to a target cell via a 
ligand; and they carry physically associated with the ligand an information about 
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its identity, which allows individual units to be identified, and amplified. Exam- 
ples of ALDUs are oligonucleotides, particularly RNAs, useful for the process of 
selection-amplification (SELEX), phages of phage displa libraries, viruses of viral 
display libraries, ribosomes of ribosome : display techniques, but also individual- 
ized beads carrying an identifiable molecule or ligand, particularly chemical enti- 
ties, e.g. small molecules bound to beads, which are recognizable by inert chemi- 
cal tags. Preferred are such ALDUs, which comprise a nucleic acid as the identifi- 
able component. Such ALDUs can be either amplified in vitro, e.g., by nucleic- 
acid amplification methods like RT-PCR, PCR, LCR and the like, or they can be 
amplified in vivo, for example an individual phage can infect a bacterium and 
yield, after several cycles of infection, millions of virtually identical progeny. A 
library of ALDUs is a collection of similar, but in general non-identical ALDUs, 
for example phages of a phage library that display different scFvs in the context of 
an otherwise identical phage surface. 

A ligand "derived from an ALDU* as mentioned herein is a ligand, which had 
been displayed by such an ALDU, which had been selected by binding to the sur- 
face of a target cell. As an example, if the ALDU is a phage of a phage library 
displaying scFvs the "ligand derived from an ALDU* in this case is a polypep- 
tidee, here a scFv. As another example, in the case of ribosomal display the ligand 
"derived from an ALDU* is the polypeptide, which was presented by the complex 
comprising the ribosome, the RNA and the polypeptide. 

As used herein, the term "associated with the surface of a cell" means that a bio- 
molecule is either part of the surface of a cell, e.g. a constituent of the surface, or 
is binding to another biomolecule which is a constituent of the surface of a cell. 
For example, a transmembrane polypeptide, like a transmembrane receptor of an 
eukaryotic cell can be seen as a constituent of the surface if at least one part of it 
transverses the lipid bilayer of the cell membrane and is in direct contact with the 
lipids of the cell membrane.- An example -for a -polypeptide that is bindingto an- 
other biomolecule, which is a constituent of the surface of a target, is, for exam- 
ple, the p2-microglobuline of the class 1 major histocompatibility complex. In this 
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case the p2-microglobuline binds non-covalently to the a chain of the MHC - a 
transmembrane polypeptide -, and is therefore also regarded as being a molecule 
associated with the surface. 

As used herein "contacting" of two components means allowing the two compo- 
5 nents to physically associate with one another and bind to one another. 

"Separating" as used herein means the physical separation of two or more compo- 
nents, for example a cell with an ALDU bound thereto can be separated from a 
free ALDU by centrifugation, wherein the cell with the ALDU bound thereto is 
pelleted and the free ALDU is still in the supernatant 

10 "Amplifying" as used herein is any process that increases the number of ALDUs 
or ligands derived from ALDUs by at least a factor of two, preferably by a factor 
of 10, 100, 1.000, 10.000, 100.000, 1.000.000, 10.000.000 or even a billion. For 
example a single phage can be amplified by infecting a bacterium and the infected 
bacterium then produces several mostly identical copies of the infecting phage, or 

15 a DNA-molecule can be amplified by the process of PCR to yield 10 4 or more 
mostly identical daughter DNA-molecules. 

"Identifying" as used herein means locating or recognizing an individual compo- 
nent, for example an ALDU, with special properties and isolating said individual 
component. 

20 'Determining the chemical identity of a ligand" as used herein means determining 
the structural composition of a ligand. For example, if the ALDU library is a 
phage library displaying scFvs, then "determining the chemical identity of a li- 
gand" would mean to determine the sequence of the scFv polypeptide, for exam- 
ple by sequencing the region encoding the scFv of the phage from which it was 

25 derived. 

"A screening assay" as used herein is aimed at detecting an individual, e.g. an 
ALDU, with special properties among other similar individuals with slightly dif- 
ferent properties. In order to qualify for a screening assay at least 3, 4, 5, 6, 7, 8, 9, 
10, 20, 30, 40, 50 or even 100 individuals must be tested in a certain functional 
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assay to find an individual/individuals with the desired function detected among 
them. 

The invention relates to a method of identifying a ligand binding specifically to 
the extracellular region of neuropilin-1, wherein said ligand is capable of affecting 
5 a biological function, like adhesiveness and invasiveness, of neuropilin-1, com- 
prising the steps of 

a) contacting a library of amplifiable ligand-displaying units (ALDU) with a can- 
cer cell, e.g. a sarcoma cell; 

b) separating said cancer cell and the ALDUs bound thereto from ALDUs not 
10 bound to said cancer cell; 

c) amplifying the ALDUs bound to said cancer cell; 

d) identifying an ALDU or a ligand derived from an ALDU after step c), which 
affects said biological activity of neuropilin-1 by a functional screening assay; 

e) identifying an ALDU or a ligand derived from an ALDU after step d) capable 
15 of binding to neuropilin-1 

and optionally f) determining the chemical identity of the ligand. The preferred 
order of the steps is a, b, c, d, e and optionally f. 

The method advantageously combines a screening step based on binding to the 
surface of a sarcoma cell with a screening step based on a functional assay. A li- 

20 brary of amplifiable ligand-displaying units (ALDU) is brought in contact with a 
sarcoma cell in such a way that those ALDUs of the library with specificity for a 
surface antigen of the sarcoma cell can bind to the sarcoma cell. For example 
phages of a phage library displaying antibodies or antibody fragments can be al- 
lowed to bind to cultured sarcoma cells or, as another example, RNA of an RNA- 

25 oligonucleotides library can be allowed to bind to a sarcoma cell. 

In another step, the sarcoma cell and the-ALDUs bound theretoare separated from 
unbound ALDUs, in order to select for those ALDUs with specificity for the sar- 
coma cell. The separation can be achieved, e.g., by removing the solution, in 




-35- 



which the contacting step has been performed from cultured sarcoma cells grown 
adhesively in a culture flask and together with the solution the unbound ALDUs; 
or, as another example, sarcoma cells with RNAs of a SELEX library bound 
thereto can be pelleted by centrifugation, while the unbound RNAs remain in the 
5 supernatant as part of the solution, in which the contacting step had been per- 
formed. 

As another step the ALDUs bound to the target are amplified, in order to obtain 
high enough concentrations of the ALDUs so that they are useful for being ap- 
plied in a functional screen. This amplifying step makes use of the ALDUs' intrin- 
10 sic property to be amplifiable. For example phages displaying, e.g., an antibody or 
antibody fragment, which have been separated from the non-bound phages in step 
b), but are still bound to the sarcoma cell, can be amplified by first recovering the 
bound phages, for example by eluting the phages from the sarcoma cells and then 
using the recovered phage eluate to infect bacteria, e.g. Escherichia coll The am- 
is plification of the phages in Escherichia coli then leads to a significant increase in 
total phage number, but in such a way, that the concentration of those individual 
phages, which were capable of binding to the sarcoma cells, is dramatically in- 
creased. 

However, the phages need not necessarily be removed from the target cell, as a 
20 phage still bound to a target cell can infect added bacteria and thus be amplified. 

As another example, the mRNA of a ribosomal-display library, which is associ- 
ated by its attachment to a ribosome displaying the polypeptide corresponding to 
the mRNA, with the surface of a sarcoma cell, can be directly used for RT-PCR, 
without the need of removing the intact ALDU from the target before amplifying 
25 the target. Thus, a step in which the ALDU bound to a target is recovered from the 
target before amplifying the ALDU is an optional step. 

Amplifying the ALDU can also consist in determining the chemical identity of the 
ligand of such ALDUs, which have bound to the sarcoma cell and then amplifying 
the ligands. That is to say, e.g., that in the case of a phage library, displaying an 
30 antibody or an antibody fragment, DNA encoding those ligands can be cloned 
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from phages, which had bound to the sarcoma cell, e.g., by PCR, and the ligand, 
e.g., the antibody or antibody fragment, can then be produced recombinantly to 
yield sufficient amounts of the ligand to be useful for a functional screening assay. 
In such a way, not the ALDU itself is amplified, but the ligand displayed by the 
ALDU. This, however, is within the scope of the invention, as the aim of the am- 
plification step is the generation of a ligand concentration high enough to be use- 
ful for a functional screening assay and this can be achieved by either amplifying 
the ligand or the ALDU displaying it. 

In another step, an ALDU or a ligand derived from an ALDU, which had bound to 
a sarcoma cell is detected based on its effects on a biological function of neuro- 
pilin-1 to be tested in a functional screening assay. For such a functional screening 
assay, the ALDUs or ligands derived from them are advantageously individual- 
ized, such that a signal or a pattern from the functional screening assay is relatable 
to an individual ALDU or an individual type of ligand. This can be done, e.g., by 
filling separate wells of a multi-well plate with individual ligands each and then 
performing an assay for a desired biological function of neuropilin-1 in those in- 
dividual wells. 

In another example phages, which had bound to a sarcoma cell, and had been 
separated from unbound phages, can be individualized by infecting bacteria and 
plating the infected bacteria in, e.g., soft agar, so that individual plaques, which 
represent clones of individual phages, form. Those individual plaques can then be 
tested for their effects in a biological screening assay for neuopilin-1 function. In 
such an assay, an individual plaque with an effect in the functional screening as- 
say for neuropilin-1 function is identifiable. The ligand displayed by the phages of 
the plaque can then be identified, e.g. by sequencing the DNA of the phages of the 
plaque, which represent a clone of a single phage, initially selected by its ability to 
bind to the sarcoma cell. Thus, in those cases where an ALDU itself is used in the 
- functional screening assay, the identity of the ligand displayed by the'ALDU can ' 
be determined, if desired. 
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In a preferred embodiment the ligand is capable of inhibiting a biological function 
of neuropilin-1. For example, the biological function of a neuropilin-1 can be in- 
vasion, adhesion, or angiogenesis. Adhesion and invasion have been explained as 
adhesiveness and invasiveness before. 

5 "Angiogenesis" is the process where cells induce blood vessel formation in their 
proximity. Angiogenesis can accompany the growth of malignant tissue and can 
therefore be a property of malignant cells. That is to say that malignant cells can 
have the property of inducing angiogenesis. 

Preferably, the biological function inhibitable by a ligand, e.g. an antibody or an- 
10 tibody fragment, identified by the method of the invention is the adhesiveness and. 
invasiveness of a sarcoma cell. 

In a preferred embodiment of the invention, the ligand is a polypeptide, in par- 
ticular an antibody or antibody fragment. For example, if the ligand is an antibody 
it can be selected from the group consisting of IgA, IgG, IgD, IgE and IgM, and 
15 particularly from the group consisting of human IgG and IgM. If the ligand is an 
antibody fragment it can be selected from the group consisting of scFv, dsFv, 
Fab', Fab, F(ab'>2, Fv, single domain antibodies and diabodies. 
In another preferred embodiment of the invention the ligand is selected from the 
group consisting of protein scaffolds with a tertiary structure, random polypep- 
20 tides, small molecules, RNA-aptamers and DNA-aptamers. Protein scaffolds with 
tertiary structure are ligands obtainable by using a gene encoding a polypeptide 
with a defined tertiary structure, wherein one or more regions of the gene encod- 
ing the polypeptide can be replaced by randomized oligonucleotides or random- 
ized oligonucleotides can be inserted into the gene encoding the polypeptide 
25 without changing the tertiary structure of the encoded polypeptide. Examples for 
these ligands are e.g. Anticalin, Affibody, cystein knot or protein scaffolds with 
an immnoglobulin fold. Anticalin is described in Beste et al (1999) Proc Natl 
Acad Sci USA. 96, 1898-903 and ALDUs displaying Anticalin are described in 
Beste et al, see supra. An Affibody is a disulfide bond-independent three-helix 
30 bundle scaffold Z, derived from domain B of Staphylococcal protein A and AL- 



-38- 



DUs displaying Affibodies are described in Hansson et al (1999) Immunotechnol- 
ogy 4, 237-52. A Cystein knot is a protein scaffold involving interlocking disul- 
fide bonds as exemplified by the structure of conotoxins and nerve growth factor. 
A cystein knot is described in McDonald et al (1991) Nature 354, 411-4 and AL- 
DUS displaying Cystein knots are described in Smith et al. J Mol Biol. 1998, 277, 
317-32. ). Protein Scaffolds with the immunoglobulin fold are antibodies and an- 
tibody fragments and other polypeptides having the tertiary structure of the im- 
munoglobulin superfamily and ALDUs displaying protein scaffolds with the im- 
munoglobulin fold are disclosed' in McCafferty et al. (1990) Nature 348, 552-4. 
ALDUs displaying random polypeptides are disclosed in Scott et al. (1990) Sci- 
ence, 249, 386-90. RNA-aptamers are structural mimics composed of ribonucleic 
acid and are disclosed in Tuerk and Gold (1990) Science 249, 505-10, and Tuerk 
et al., (1992) Proc. Natl. Acad. Sci. USA 89, 6988-92. DNA-aptamers are struc- 
tural mimics composed of deoxyribonucleic acid and ALDUs displaying DNA- 
aptamers are disclosed in Bock et al (1992) Nature 355, 564-6. 

This makes clear that the nature of the ligand displayed on the ALDU is not criti- 
cal, but the ability of the ALDU to be identifiable and amplifiable. 

However, as explained before, amplification of the ALDU can be achieved by 
increasing the number of an individual ALDU, but also by increasing the number 
of a ligand displayed by an individual ALDU. Since this can in principle also be 
achieved by an individual bead displaying a small chemical in combinatorial 
chemical libraries (see e.g., Ohlmeyer et al. (1993) Proc. Natl. Acad. Sci USA 90, 
10922-26; Liu et al. J. Am. Chem. Soc. (2002) 124, 7678-80; Liang et al Science 
(1996) 274, 1520-2) such bead-format libraries are also libraries of ALDUs in a 
way. Small molecules can be synthesized on microsphere beads, which can be 
indexed with inert chemical tags. During each step of the synthetic scheme a tag 
molecule that encodes the step number and the chemical reagent used in that step 
is_attached.to the bead. This array of-tags can then be used as a binary code to rec- 
ord the reaction history of each bead. The identified compound can then easily be 
synthesized in a bigger scale. 
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However, preferably the ALDU is a biological ALDU that is the information 
about its identity is stored as a nucleic acid, e.g. RNA or DNA. In a preferred em- 
bodiment the ALDU is selected from the group consisting of viruses useful for 
viral display, phages useful for phage display, bacteria useful for bacterial display, 

5 ribosomes useful for ribosome display, yeasts useful for yeast display and oligo- 
nucleotides useful for selection and amplification. Viruses useful for viral display 
can be, e.g., plant viruses, viruses of fungi or animal viruses, in particular viruses 
that can be obtained from cell culture, are amenable to genetic engineering tech- 
niques and can display a foreign ligand on their surface. Viruses useful for viral 

10 display on retroviruses are disclosed in Russell et al., (1993) Nucleic Acids Res. 
21, 1081-5. 

Viruses useful for display by plant viruses, e.g. the Cowpea mosaic virus are dis- 
closed in Brendan et al., (1999) Microbiology 145, 211-20. 

Phages useful for phage display can be all phages that can be obtained from cul- 
15 ture, are amenable to genetic engineering techniques and are capable of displaying 
a foreign ligand on their surface. Phage display has been disclosed in Smith et al. 
(1985) Science, 228, 1315-17, phage display of an antibody has been disclosed in 
WO 91/17271. 

Bacteria useful for bacterial display are bacteria, which can be kept in culture, are 
20 amenable to genetic engineering techniques and are able to display a ligand on 
their surface. Examples for bacteria useful for bacterial display are disclosed in 
Dougherty et al., (1999) Protein Eng. 12,613-21; and Westerlund-Wickstrom B. 
(2000) Int. J. Meth. Microbiol. 290, 223-30. 

Ribosomes useful for ribosomal display have been disclosed in Shaffizel et al., 
25 (1999) J. Immunol. Methods 231, 119-35; and Willson et al., (2001) Proc. Natl. 
Acad. Sci. USA 98, 3750-5. 

Oligonucleotides useful for selection/amplification (Selex) have been disclosed in 
Tuerk and Gold (1990) Science 249, 505-10, and Tuerk et al., (1992) Proc. Natl. 
Acad. Sci. USA 89, 6988-92. 
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However, also lower eukaryotes which can be cultured and are amenable for ge- 
netic engineering techniques and able to display a foreign ligand on their surface 
are useful as ALDUs, e.g. genetically modified yeast, as disclosed in Boder and 
Wittrup (2000) Methods Enzymol. 328, 430-44. 

In another preferred embodiment the ALDU library is selected from the group 
consisting of immune or naive libraries, in particular wherein said naive library is 
a synthetic, semi-synthetic or natural library. This relates particularly to the case 
wherein the . ligand displayed on the ALDU is an antibody or an antibody frag- 
ment. In those cases, one can distinguish between immune or naive ALDU librar- 
ies. In the case of immune libraries the library members, e.g. antibody fragment 
genes, can be obtained from lymphocytes, e.g. B lymphocytes, of immunized 
animals. In the case of naive libraries the library members have not gone through 
the process of an active immune response. Depending on the way of its produc- 
tion, the naive library can be, e g., a semi-synthetic library, in which library mem- 
bers are obtained by use of germline V-genes as starting material. The regions 
coding for one or several V-gene CDRs, encoded e.g. by CDR1 and CDR2 can be 
replaced by randomized oligonucleotides, or randomized oligonucleotides can be 
added to one or several CDRs, either at the beginning, as an insert into the CDR, 
or at the end of the CDR, and regions coding for one or several of the mm V-gene 
encoded CDRs e.g. CDR3 can be added to the V-gene as randomized oligonu- 
cleotides. 

Semi-synthetic libraries are disclosed in Williamson et al (1993) Proc. Natl. Acad. 
Sci. USA. 90, 4141-5. 

An antibody-based naive libraries can also be synthetic libraries, e.g. in which 
library members are obtained by use of non-germline V-genes as starting material. 
The regions coding for one or several V-gene CDRs encoded e.g. by CDR1 and 
CDR2 can be replaced by randomized oligonucleotides, or randomized oligonu- 
cleotides can be added to one dr several CDRs, either at the beginning, as an in- 
sert into the CDR, or at the end of the CDR, and regions coding for one or several 
of the non V-gene encoded CDRs e.g. CDR3 can be added to the V-gene as ran- 




-41- 



domized oligonucleotides (Griffiths et al (1994) EMBO J. 13, 3245-60; Knappik 
et al. J. Mol. Biol. 296, 57-86). 

A naive library can be a natural library wherein the library members e.g. antibody 
fragment genes, can be obtained from lymphocytes, e.g. B-lymphocytes, of non- 
5 immunized donors. An example of a natural library is disclosed in Griffiths et al. 
see supra. 

In another preferred embodiment of the invention, the ALDUs are derived from 
viruses and phages, in particular from Cowpea mosaic virus, retroviruses, lambda 
phage, T7 phage, T4 phage and filamentous phages, more particularly derived 
10 from Ff phages. An ALDU library derived from Cowpea mosaic virus is disclosed 
in Brendan et al. (1999) Microbiology 145, 211-20. An example of an AUDU li- 
brary derived from a retrovirus is disclosed in Russell et al. (1993) Nucleic Acids 
Res. 21, 1081-5. 

An example of an ALDU library derived from lambda phage is disclosed in Ma- 
15 ruyama et al, Proc. Nad. Acad. Sci. USA. (1994) 91, 8273-7. An example of an 
ALDU library derived from T7 phage is disclosed in Danner et al. Proc. Natl. 
Acad. Sci. USA. (2001) 98, 12954-9. An example of an ALDU library derived 
from T4 phage is disclosed in Efimov et al. Virus Genes (1995) 10, 173-7. Often 
filamentous phages have been used as the basis for ALDU libraries (Phage Dis- 
20 play of Peptides and Proteins: a laboratory Manual edited by Brian K. Kay, Jill 
Winter, John McCafferty.Academic Press 1996). The Ff phages of Escherichia 
coli have proven particularly useful as phages capable of displaying random and 
foreign ligands on their surface (Smith, Science (1985) 228, 1315-7). In those 
cases the ligand, e.g. a random polypeptide, is often displayed as a fusion protein 
25 with a phage protein, wherein the phage protein is derived from a phage surface 
protein, e.g. selected from the group consisting of pin, pVm and pVL Phage dis- 
play based on fusion proteins with pIU are disclosed in Smith, Science. (1985) 
228, 1315-7. Phage display based on fusion proteins with pVm are disclosed in 
Gram et al Proc. Natl. Acad. Sci. USA (1992) 89, 3576-80. Phage display based 
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on fusion proteins with pVI are disclosed in Jespers et al. Biotechnology (N Y). 
(1995) 378-82. 

In another preferred embodiment step d) of the method of identifying a ligand of 
the invention comprises detecting an ALDU or a ligand derived from an ALDU, 
5 which affects the biological function of neuropilin-1 by a functional screening 
assay, wherein the functional screening assay applied for detecting the ALDU or a 
ligand derived from an ALDU is selected from the group consisting of an invasion 
assay, an adhesion assay or an angiogenesis assay. Preferred are an invasion assay 
and an adhesion assay. 

10 An invasion assay measures the invasiveness of a cell. An invasion assay is, e.g., 
the assay performed in Example 8 and 9 of this application. 

An adhesion assay measures the adhesiveness of a target, e.g. a cell, to something 
else, e.g. another cell, a virus, or a complex biological mixture like, e.g., a popu- 
lation of vehicles derived from a cell or, e.g., the basal lamina. An example of an 
15 adhesion assay is given in Example 1 1 and 12 of the present application. 

An angiogenesis assay measures the ability of a cell to induce blood vessel for- 
mation, a process, which usually accompanies the growth of malignant tissue. An 
angiogenesis assay is disclosed in Kanda et al (2002) J. Natl. Cancer Inst. 94, 
1311-9. 

20 In another preferred embodiment the method of identifying a ligand binding spe- 
cifically to the extracellular region of neuropilin-1 also comprises the step of in- 
corporating the ligand identified into a therapeutic, prophylactic or diagnostic 
composition. This can, e.g., be done by mixing the identified ligand with a phar- 
maceutical^ acceptable carrier known in the art, wherein the ligand is present in 

25 an amount, which is therapeutically effective. 

In another preferred embodiment the invention relates to a method for the produc- 
• tion of a phannaceuticarcomposition, comprising the method of identifying a li- 
gand binding specifically to neuropilin-1 and further the step of mixing the identi- 
fied ligand, or a modified or a labeled version thereof, with a pharmaceutical ac- 
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ceptable earner known in the art. A modified ligand is a ligand with a covalent 
modification. Examples of modified ligands are labeled ligands. 

In a preferred embodiment of the invention, the separation step b) of the method 
of identifying a ligand of the invention is achieved by centrifugation, filtration, 

5 density centrifugation, FACS or immobilization onto solid support. -For example 
an AUDIT bound to a sarcoma cell can be separated from unbound ALDUs. mak- 
ing use of the fact that the complex of an ALDU bound to a target has different 
biochemical properties compared to an unbound ALDU. Those changed bio- 
chemical properties can be size, specific binding, charge density, density or the 

10 like. Filtration can separate the bound ALDUs from the unbound ALDUs, e.g. if 
the size of the filter is such that ALDUs bound to the sarcoma cell are retained by 
the pores of the filter, while the unbound ALDUs can pass through the pores of 
the filter. Filtration is therefore useful if the target is large, like a sarcoma cell, and 
the ALDU is small, e.g. a phage, a virus, a nucleic acid or a ribosome displaying a 

15 ligand. 

Density centrifugation separates biomolecules according to their density. Density 
centrifugation can be applied if the density of an ALDU bound to a target is dif- 
ferent from that of an unbound ALDU. For example, the density centrifugation 
can be applied if an ALDU is dense, e.g. a ribosome displaying a ligand, and the 
20 target is not as dense, like a sarcoma cell or vehicles derived from the membrane 
of a sarcoma cell. 

FACS can separate the complex of ALDU bound to a sarcoma cell from unbound 
ALDUs based on fluorescence of the target FACS can be performed by labeling 
the sarcoma cell with a fluorescent dye and then passing the labeled sarcoma cell 
25 in suspending medium through a narrow dropping nozzle so that each sarcoma 
cell is in a small, separate droplet A laser-based detector system is often used to 
excite the fluorescent dye and droplets with e.g. fluorescence-positive sarcoma 
cells are given an electric charge. Charged and uncharged droplets can then be 
separated as they pass charge plates and can be collected in two different tubes. In 
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this way small droplets containing ALDUs that are bound to a sarcoma cell are 
separated from bulk solution containing unbound ALDUs. 

Immobilization of the sarcoma cell onto solid support can be performed in order 
to separate ALDUs bound to the immobilized sarcoma cell from unbound AL- 
5 DUs. Immobilization of the sarcoma cell onto solid support is often performed by 
using surface activated solid support or specific binding of the surface of the solid 
support with the sarcoma cell using e.g. biomolecules with specific binding prop- 
erties towards the sarcoma cell. In order to separate ALDUs that are bound to the 
immobilized sarcoma cell from unbound ALDUs, the immobilized sarcoma cell is 
10 separated from the bulk solution containing unbound ALDUs. 

Separation of ALDUs bound to the immobilized sarcoma cells from the bulk so- 
lution containing unbound ALDUs can be performed by removing the bulk solu- 
tion containing the unbound ALDUs from the immobilized sarcoma cells. For 
example, if the sarcoma cell is immobilized onto e.g. the well of a plastic micro 
15 titer plate via covalent interactions then the bulk solution containing the unbound 
ALDUs can be removed by removing the solution and washing the wells with 
washing solution. 

Separation of ALDUs bound to the immobilized sarcoma cell from the bulk solu- 
tion containing unbound ALDUs can be performed by filtration if the size of the 
20 filter is such that the sarcoma cell is retained by the pores of the filter, while the 
unbound ALDUs can pass the filter. 

In another preferred embodiment the amplification step c) of the method of identi- 
fying a ligand of the invention is achieved by either eluting the ALDU bound to a 
sarcoma cell, or by lysing a sarcoma cell under conditions where the ALDU re- 

25 mains amplifiable, and subsequent amplification. ALDUs bound to a sarcoma 
cells can be eluted from the sarcoma cells first, e.g. by use of solutions with low 
pH and/or high salt, as demonstrated in Example 2, and subsequendy amplified, 
e.g. such that the eluted phages of Example 2, are used to infect Escherichia coli 
in order to produce large numbers of progeny phages. However, the elution step 

30 from the target, while it may be convenient, is not necessary, as, e.g., in the case 
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of phage libraries even the phages still bound to a sarcoma cell, are capable of 
infecting Escherichia coli and thus capable of producing large numbers of identi- 
cal progeny, and thus are amplifiable even when still bound to the sarcoma cell. 
In one embodiment of the invention the ALDUs or the ligands derived from an 

5 ALDU which are used for the functional screening assay of step d) of the method 
of identifying a ligand according to the invention are chemically modified to in- 
crease their biological activity or endow the ALDU or the ligand with biological 
activity. As an example, one way to increase the biological activity of an ALDU 
or a ligand or to endow the ALDU or the ligand with biological activity is to use 

10 the ALDU or the ligand in combination with CALI (Chromophore-Assisted Laser 
Inactivation). 

The principle of CALI is based on the local initiation of a photochemical reaction 
that leads to the generation of short-lived reactive species, which in turn selecti- 
vely modify the target molecule and cause its functional inactivation. Highly spe- 

15 cific but non-inhibitory ligands (e.g. antibodies, antibody fragments, small mole- 
cules) are labeled with a suitable chromophore (e.g. malachite green, fluorescein, 
methylene blue, eosin). After complex formation between the target molecule 
(e.g. proteins) and the ligand, the complex is irradiated with laser light of an ap- 
propriate wavelength to excite the chromophore. The excitation triggers a photo- 

20 chemical reaction that initiates the generation of short-lived reactive species (e.g. 
hydroxyl radicals or highly reactive oxygen species). These reactive species modi- 
fy the protein within a small radius around their site of generation. The distance 
that a reactive species can travel is very short due to its short lifetime. Therefore, 
the modifications of amino acid residues within the protein occur in close proxi- 

25 mity to the binding site of the ligand. The damaging effect is restricted to a radius 
of 15-40A, which is well below the average distance of two proteins within a cell, 
which is at about 80A, (assuming an average cytosolic protein concentration of 
300mg/ml and an average protein size of 50kDa) ensuring a high spatial resoluti- 
on of the process. This principle is shown in Figure 13. As an example, a modified 
30 antibody against a given protein often can selectively inhibit the function of that 
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particular protein after CALI, even if this antibody did not show an inhibiting 
function without CALI. In cases where the binding site of the ligand is close or 
within an important functional domain of the protein, these induced modifications 
lead to permanent inactivation of the protein. The functional inactivation of the 
5 protein is measured in an appropriate readout assay and evaluated in the context 
of disease relevant physiological functions like cell invasion, cell adhesion, cell 
signaling or apoptosis. 

Inactivation of proteins with CALI was shown to be very specific to the respective 
protein. Linden et al showed that p-galactosidase could be efficiently inactivated 

10 with a malachite-green labeled anti-P-galactosidase antibody even in the presence 
of alkaline phosphatase in the same solution. P-galactosidase was inactivated by 
95 % after 10 min of laser irradiation whereas alkaline was not effected at all 
(Linden et al. (1992) Biophys. J. 61, 956-962). Jay also demonstrated that a dye- 
labeled antibody bound to a single epitope of a protein was sufficient to inactivate 

15 acetylcholinesterase (Jay (1988) Proc. Natl. Acad. Sci. USA, 85, 5454-58). 

Henning et al. described that CALI. was successfully used against a diverse array 
of proteins (Henning et al. Innovations in Pharmaceutical Technology (2002) 62- 
72). These protein include membrane proteins (eg. a-, p-, e-chains of T cell re- 
ceptor, pi integrins, ephrin A5 or FAS receptor), signal transduction molecules 
20 (eg. calicineurin, cyclophillin A or PKC), cytoskeletal proteins (eg. actin, ezrin or 
kinesin) or transcription factors. Henning et al. further described that CALI can be 
used for identification of novel proteins as drug targets and at the same time the 
elucidation of their function in the biological context of interest (Henning et al. 
(2002) Current Drug Discovery May, 17-19). 

25 Several application examples of CALI show that CALI is able to convert specific 
but non-inhibitory ligands into blocking reagents. Therefore, these ligands can be 
used to modulate the action of inhibitory ligands. CALI can also be used to further 
enhance the inhibitory effect of a ligand that has already an inhibitory effect by 
itself. Example 9 and Example 12 are examples where CALI is integrated in an 

30 invasion and an adhesion assay, respectively. 
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In another embodiment of the invention, the ALDU or the ligand derived from an 
ALDU and used for the functional screening assay of step d) of the method of 
identifying a ligand of the invention are unmodified. 

The chemical modification of the ALDU or the ligand derived from an ALDU can 
5 be the addition of chromophores. A chromophore is that part of a molecule that 
possesses high optical activity due to mobile electrons that interact with light. 
Some examples of chromophores are, e.g., fluorescein derivatives, rhodamine 
derivatives, coumarin derivatives, porphyrin derivatives, phthalocyanine deriva- 
tives, naphthalocyanines derivatives eosin derivatives, triphenylmethane deriva- 
10 tives or acridine derivatives. A list of chromophores useful for chemically modi- 
fying biomolecules is disclosed in The Sigma Aldrich Handbooks of Stains and 
Dyes, Ed., FJ. Green (1990) ISBN No. 0-941633-22-5. 

In another preferred embodiment of the invention, the method of identifying a 
ligand of the invention comprises as the identification step d) a spatial separation 

15 of the different ALDUs of a pool of ALDUs and then the screening of the spa- 
tially separated ALDUs for their effect on a biological function of neuropilin-1 in 
such a way that the result obtained can be assigned to an individual ALDU. 
Spacial separation of the different ALDUs of a pool of ALDUs can be done, e.g., 
by filling separate wells of a multi-well plate with individual ligands each and 

20 then use those multi-well plates in a functional screening assay. If, e.g.,^ in one 
well the biological function of neuropilin-1 is inhibited, then a ligand inhibiting 
said biological function of neuropilin-1 is identified, as the experimenter knows 
the identity of each ligand he put into each individual well. 

In another preferred embodiment the method of identifying a ligand according to 
25 the invention can comprise the step of determining the identity of the ligand, 
wherein this determination step is achieved by sequencing the DNA of an identi- 
fied ALDU, taking a PGR fingerprint of the nucleic acid of an identified ALDU or 
also, in the case of a ligand derived from an ALDU, by mass spectrometry of such 
a ligand. PGR fingerprinting of, e.g., phages is disclosed in (Marks et al. J. Mol. 
30 Biol. (1991) 222, 581-97). Mass spectrometrical analysis of a ligand, e.g. a poly- 
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peptide, is disclosed in Shevchenko et al. (1996) Anal. Chem. 68, 850-58 or 
Spengler et al (1992) Rapid. Commun. Mass. Spectrom. 6, 105-8. 

The method of identifying a ligand according to the invention may further com- 
prise at least one additional step of screening ALDUs, e.g. wherein the screening 
5 is based on biochemical properties of the ALDUs. Such an additional screening 
step may comprise a method selected from the group consisting of flow cytome- 
try, EUSA, immunoprecipitation, binding assays, immunohistochemical experi- 
ments, affinity studies, immunoblots and protein arrays. Biochemical properties 
can be determined by the size, the shape, the density, the charge density, the hy- 

10 drophobicity, or the binding specificity of an ALDU or the ligand derived from an 
ALDU. The biochemical properties of the ALDU or the ligand derived from an 
ALDU form the basis of the applicability of the above-mentioned methods for 
screening the ALDUs. Flow cytometry is usually performed by labeling cells with 
a fluorescent dye and then passing those labeled cells in suspending medium 

15 through a narrow dropping nozzle so that each cell is in a small, separate droplet. 
A laser-based detector system is often used to excite the fluorescent dye and 
droplets with e.g. fluorescence-positive cells are registered. 

Immunoprecipitation is a procedure by which a ligand, e.g. an antibody or anti- 
body fragment, that reacts specifically with an antigen, e.g. an antigen associated 

20 with the surface of a eukaryotic cell, is used to remove said antigen from a solu- 
tion, e.g. a cell lysate. The immunoprecipitate consisting of the ligand bound to 
the antigen can then be examined by utilizing biochemical methods like, e.g. 2D 
gel electrophoresis. In particular the identity of the antigen can then be determined 
by use of, e.g., mass spectrometry and it can be determined whether this ligand 

25 really binds to neuropilin-1 . 

In another preferred embodiment of the invention, the method of identifying a 
ligand of the invention can further comprise a substractive selection step. A sub- 
stractive selection step is a step," which "removes ALDUs" with an undesfred prop- 
erty. For example a substractive selection step can be affected by removing the 
30 ALDUs capable of binding to a control cell, if the property of binding to a control 
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cell is undesired. By way of example, if one wants to select for ALDUs specific 
for cancer cells one could first select those ALDUs which bind to cancer cells, 
elute the bound ALDUs, e.g. phages, and then remove those ALDUs which are 
capable of binding to non-cancer-cells, by for example contacting the pool of 
5 eluted ALDUs with non-cancer-cells and removing those ALDUs bound to the 
non-cancer-cells. The ALDUs remaining in the supernatant are then ALDUs spe- 
cific for cancer cells and can then be used in functional screening assays accord- 
ing to the method of identifying a ligand of the invention. 

After step d) the pool of ALDUs, e.g. phages, is enriched in ALDUs binding to 
10 neuropilin-1. Those ALDUs binding to neuropilin-1 can finally be identified by 

numerous methods known in the art. ALDUs, e.g. phages, can be separated to 

form individual clones and the clones of the ALDUs, e.g. phages, can be probed 

with labeled neuropilin-1 protein, or a labeled part of the neuropilin-1 protein, e.g. 

an at least seven amino acid long peptide of the extracellular region of neuropilin- 
15 1. Clones binding to such a probe are identified as neuropilin-l-binders. ALDUs, 

e.g. phages, can also be affinity purified on purified neuropilin-1 protein or on 

recombinant neuropilin-1 

Alternatively, the open reading frame encoding the ligand of the ALDU, e.g. an 
antibody or antibody fragment, can be recloned from the whole enriched pool into 
20 an expression vector, the ligand, e.g. an antibody or the antibody fragment can 
then be expressed in clones of another host cell, and the clone of the host cell car- 
rying the expression vector comprising a nucleic acid encoding for the ligand, e.g. 
an antibody or the antibody fragment binding specifically to neuropilin-1 can be 
identified, e.g. by the method described above for the identification of relevant 
25 phage clones, e.g. by a method of the Examples, or by affinity purification on re- 
combinant neuropilin-1. 

A particular advantage of this method is that a ligand, e.g. an antibody or an anti- 
body fragment specific for the accessible part of the extracellular region of neuro- 
pilin-1 is obtained, since the initial selection step is performed on intact cells, 
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which present the accessible part of the extracellular region of neuropilin-1 for 
binding of the phages. 

In a preferred embodiment of the invention, the above method comprises instead 
of steps e) and f) the further steps of: 

5 e) contacting ALDUs, e.g. isolated phages with recombinant neuro- 

pilin-1; 

f) washing said neuropilin-1 with a buffered detergent and/or high 
salt solution; and 

g) eluting ALDUs, e.g. phages bound to neuropilin-1; and 

10 h) determining the identity of the ligand, e.g. an antibody or antibody 

fragment represented by said eluted ALDU, e.g. a phage. 

m certain embodiments, the ligand, e.g. antibody fragments expressed on the 
ALDU, e.g. phages comprise an antibody or an antibody fragment selected from 
the group consisting of scFv, dsFv, Fab', Fab, F(ab')2, Fv, single domain antibod- 
15 ies (DABs) and diabodies, more particularly selected from the group consisting of 
scFv, dsFv, Fv, single domain antibody or diabody, still more particularly selected 
from the group consisting of scFv, single domain antibody or diabody and even 
more preferably a scFv. 

The "detergent" used in steps c) and f) can be a detergent solution, preferably 
20 buffered, and can be Tween in a concentration of 0.001- 0.5%, particularly 0.01- 
0.1 %. 'High salt" in step f) is a high salt solution, preferably buffered, and has an 
ionic strength of lOmM-lM, particularly 20-500mM, more particularly 50- 
350mM, even more preferably 80-250mM. Typical useful anions are, for exam- 
ple, chloride, citrate, phosphate, hydrogen phosphate or borate. Typical useful 
25 cations are, for example, sodium, potassium, lithium, calcium or magnesium. 

. . . •R? e _^H^ e £ ed so^ti. 0 .?. above paragraph typically has a pH of .7-8. Forexam- 
ple, DMEM or PBS, particularly with 1-20%, more particularly 5-15%, even more 
preferably about 10% FCS, can be used as buffers. 
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Isolation of cells with phages bound to them is effected by gentle centrifugation at 
g values from 200 to 300 for 3 to 20 minutes, particularly 5 to 10 minutes. Elution 
of bound phages, both to cells and to immobilized neuropilin-1, is effected by a 
wash with 2-100mM, particularly 4-50mM, more particularly 5-20mM, even more 
preferably around lOmM glycine at a pH of from 0 to 2.5, particularly from 1 to 
2.5, more particularly from 1.5 to 2.5. 

The neuropilin-1 inhibitory activity of these antibody fragments, particularly of 
these scFvs may be assayed as described above, in vivo or in a cell culture ex- 
periment. Cell culture assays include assays that determine the inhibitory effect of 
the antibody fragments of this invention in an invasion or adhesion assay as de- 
scribed in Examples 8 or 9 and Examples 11 or 12. Results of the invasion assay 
are provided in Fig 2. Results of the adhesion assay are provided in Figs. 3 and 4. 

The following examples, including experiments conducted and results achieved, 
are provided for illustrative purposes only and are not to be construed as limiting 
upon the present invention. 

DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the invasion of stained HT1080 cells through a 8^m filter. Fluo- 
rescence was quantified after six hours incubation at 37°C. Data pre- 
sented are the mean of n = 3 wells +/- SD. 

Figure 2 shows the inhibitory effect of scFvl on the invasion of HT1080 cells. 
Invasion was determined in a chemotaxis assay with a Matrigel coated 
cell migration chamber. The invasion was determined after laser irradia- 
tion (with CALI) and without laser irradiation (without CAU). The inva- 
sion of HT1080 cells in the absence of any inhibitory molecule was used 
as a control (left bars). 

Figure 2a shows the influence of VEGF on the invasiveness of HT1080 cells. In- 
vasion was determined in a chemotaxis assay with a Matrigel coated cell 
migration chamber. 
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Figure 3 shows the inhibitory effect of scFvl and scFv2 on the adhesion of 
HT1080 cells. Adhesion to collagen S type I was determined after laser 
irradiation (with CALI) and without laser irradiation (without CALI). 
The adhesion of HT1080 cells to collagen S type I in the absence of any 
inhibitory molecule was used as a control (left bars). 

Figure 4 shows the inhibitory effect of scFvl and scFv2 on the adhesion of 
HT1080 cells to different matrix proteins. The adhesion of HT1080 cells 
to the different matrix proteins in the absence of any inhibitory molecule 
was used as a control (left bars). 

Figure 5 shows results of FACS analysis of scFvl and scFv2 with different cells 
lines (bold line) and HS-27 cells (dotted line) as control. 

Figure 6 shows the result of the immunoprecipitation experiments. scFvl was 
tested on HT1080 cells and compared to HS-27 cells as a control. The 
immuno-complexes were separated by SDS-PAGE and silver stained. 

Figure 7a and 7b show the vector map and sequence of the scFv display vector 
pXPlO. 

Figure 8a and 8b show the vector map and sequence of the scFv expression vector 
pXP14. 

Figure 9 shows the sequences for the construction primers for a mouse library. 
Figure 10 shows the amino acid sequences of scFvl and scFv2. 

Figure 11 shows the nucleotide sequences coding for the polypeptides scFvl and 
scFv2. 

Figure 12 shows a MALDI-MS spectrum of the peptide mixture obtained from the 
band with an approximate size of 130 kDa immunoprecipitated with scFv 
1. Two trypsin auto digestion peaks, indicated as T, were used for inter- 
. nal calibration. A total of 17 peaks, marked with asterisks, matched neu~ 
ropilin-1 (SwissProt, 014786), with a mass deviation of less than 10 
ppm. The matched peptides cover 22 % (206/923 residues) of the protein. 



-53 



Figure 13 shows the principle of Chromophore-Assisted Laser Inactivation 
(CALI). 



EXAMPLES 

5 Example 1: Construction of an immune library 

Two BALB/c mice were each immunized intradermally with 2 x 10 7 paraformal- 
dehyde fixed HT1080 cells (human fibrosarcoma cell line; ATCC, CCL-121). 
Following the first immunization, the injections were repeated thwice in a period 
of 39 days, the mice sacrificed and the spleens isolated and frozen in liquid nitro- 
10 gen. The immunizations were performed by Charles River, Germany GmbH, 
KiBlegg. 

Total RNA was isolated using the RNeasy Midi Kit (QIAGEN #75142) as de- 
scribed by the manufacturer using half of each spleen preparation. The RNA con- 
centration and purity was determined by a denaturing formaldehyde gel and pho- 
15 tometric measurement. 

cDNA was synthesized using 8.9ug of freshly prepared RNA and lOpmol of a 
primer mix (IgGl-c, IgG2a-c, IgG2b-c, IgG3-c, VLL-c, VLK-c) using the Super- 
script™ H Kit (GibcoBRL Life Technologies #18064-014) These primers anneal 
to the RNA encoding the IgG heavy-chain genes and the light chain genes of the 
20 kappa and lambda family. VH genes were PCR amplified from lul of cDNA us- 
ing 36 individual combinations of 9 forward primers (MVH1, M+VH2, MVH3, 
MVH4, MVH5, MVH6, MVH7, MVH8, MVH9) and 4 backward primers (M- 
JH1, M-JH2, M-JH3, M-JH4) without restriction sites. VL genes were PCR am- 
plified with one primer mix (M-VK1, M-VK2, M-VK3 M-VK4, M-VL1, M-JK1, 
25 M-JK2, M-JK3, M-JLl) without restriction sites. PCR products were gel-purified 
(QIAquick Gel Extraction Kit, #28706) and re-amplified using individual combi- 
nations of 9 forward primers (MVH1 Sfil, MVH2 Sfil, MVH3 Sfil, MVH4 Sfil, 
MVH5 Sfil, MVH6 Sfil, MVH7 Sfil, MVH8 Sfil, MVH9 Sfil) and 4 backward 
primers (M-JH1 Sail, M-JH2 Sail, M-JH3 Sail, M-JH4 Sail) with restriction sites 
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for VH and one primer mix (M-VKl ApaLI, M-VK2 ApaLI, M-VK3 ApaLI, M- 
VK4 ApaLI M-VL1 ApaLI, M-JK1 NotI, M-JK2 NotI, M-JK3 NotI, M-JLl NotI) 
with restriction sites for VL. PCR products were gel-purified (QIAquick Gel Ex- 
traction Kit, #28706) and cloned into the phage display vector pXPIO using the 
restriction sites SfiUSall for VH and ApaLI/NotI for VL. The ligation mix was 
transfected into Kcoli TG-1 by electroporation resulting in a library size of 10 7 
independent clones. 

Example 2: Selection and Screening of scFv (Selection on fixed cells) 

Single chain Fv were selected from a phage display library generated from mice 
immunized with fixed HT1080 cells. The library was generated using the phage 
display vector pXPIO. 

HT1080 cells were harvested with 0.05% EDTA, fixed with paraformaldehyde, 
diluted to lxl0 7 cells/ml in PBS and immobilized onto wells of a 96 well UV 
cross-link plate (Corning Costar). The wells of the UV cross-link plate were 
blocked with 5% Skim Milk Powder (#70166, Fluka) in PBS (MPBS). 10 12 cfu 
(colony forming units) of phage library/10 6 cells were pre-blocked for 1 hour at 
25°C with MPBS and subsequently incubated for 1.5 hour at room temperature 
(RT) with the cells. The wells of the UV cross-link plate were washed six times 
with PBS + 0.05% Tween-20 followed by six washes with PBS. Bound phage 
were eluted by the addition of 10 mM Glycine pH 2.2, and neutralized with 1M 
Tris/HCl pH 7.4. Typically, between 10 3 and 10 6 cfu were eluted in the 1 st round 
of selection, thus the diversity of the enriched repertoire is decreased compared to 
the original repertoire. The eluate containing the enriched repertoire was amplified 
by infecting exponentially growing E. coli TGI. Phagemid containing E. coli were 
selected and propagated by overnight growth at 30°C on LB agar plates supple- 
mented with lOOjig/ml ampicillin and 1% glucose. Following this step, the en- 
riched repertoire can either be amplified as a polyclonal pool and used for further 
rounds of selection in an iterative manner until convergence to desired properties 
is achieved or be spatially separated and screened on a single clone level. Phage 
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particles for the next round of selection were produced by super-infecting expo- 
nentially growing cultures of the previous round of selection with helper phage 
VCS-M13 (Stratagene, La Jolla, CA) and growing the cultures overnight at 20°C 
in 2xTY supplemented with 100 jig/ml ampicillin and 50 ug/ml kanamycin. Se- 
5 lection ready phage were precipitated with 0.5 M NaCl/4% PEG-6000 from the 
cleared bacterial supernatant and re-suspended in PBS. One round of selection 
was performed followed by screening on a single clone level. 

Example 2.1: Selection and screening of scFv (Selection on cells in suspension) 

Single chain Fv were selected from a large non-immune phage displayed reper-r 
10 toire of human origin containing 10 u independent clones, provided by Cambridge 
Antibody Technology Ltd., Cambridge, UK. 

For selection, HT1080 cells (human fibrosarcoma cell line; ATCC, CCL-121) 
were harvested with 0.05% EDTA and diluted to lxl0 7 cells/ml in DMEM + 10% 
FCS. Two times 10 12 cfu of phage library/10 7 cells were pre-blocked for 1 hour at 

15 25°C with DMEM + 10% FCS and subsequently incubated with end-over-end 
rotation for 1.5 hour at 25°C with the cells in Eppendorf tubes pre-blocked with 
DMEM + 10% FCS. Three times 10 7 cells were used for the first round of selec- 
tion and lxlO 7 cells were used for the 2 nd round of selection, respectively. The 
cells were washed by centrifugation at 220xg for five minutes, followed by re- 

20 moval of the supernatant and re-suspension in wash buffer. Five washes with 
DMEM + 10% FCS + 0.05% Tween-20 as wash buffer and five washes with 
DMEM + 10% FCS as wash buffer were performed. Bound phages were eluted by 
the addition of 10 mM glycine pH 2.2, neutralized with 1M Tris/HCl pH 7.4. 
Typically, between 10 3 and 10 6 cfu were eluted in the 1 st round of selection, thus 

25 the diversity of the enriched repertoire is decreased compared to the original rep- 
ertoire. The eluate containing the enriched repertoire was amplified by infecting 
exponentially growing E. coli TGI. Phagemid containing E. coli were selected 
and propagated by overnight growth at 30°C on LB agar plates supplemented with 
100iig/ml ampicillin and 1% glucose. Following this step, the enriched repertoire 
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can' either be amplified as a polyclonal pool and used for further rounds of selec- 
tion in an iterative manner even until convergence to desired properties is 
achieved or be spatially separated and screened for a desired function on a single 
clone level. Phage particles for the next round of selection were produced by su- 
5 per-infecting exponentially growing cultures of the previous round of selection 
with helper phage VCS-M13 (Stratagene, La Jolla, CA) and growing the cultures 
overnight at 20°C in 2xTY supplemented with 100 ug/ml ampicillin and 50 ug/ml 
kanamycin. Selection ready phage were precipitated with 0.5 M NaCl/4% PEG- 
6000 from the cleared bacterial supernatant and re-suspended in PBS. In this ex- 
10 ample two rounds of selection were performed followed by screening on a single 
clone level. 

Example 3: Selection and Screening of scFv (Screening on fixed cells) 

For screening, the genes encoding the selected scFv, contained in the phage dis- 

15 play vector, were re-cloned to the expression vector pXP14. This vector directs 
the expression of a scFv in fusion with a Streptag and E-tag and does not contain a 
filamentous phage gene-3. Expression vector containing E. coli TGI from single 
colonies were grown in individual wells of a microtiter plate so that each well 
contains only one scFv clone. The bacteria were grown at 30°C in 2xTY supple- 

20 mented with 100 ug/ml ampicillin and 0.1% glucose in 96-well microtiter plates 
(#9297, TPP) until an OD 60 o of 0.7. Expression was induced with IPTG at a final 
concentration of 0.5 mM and continued at 25°C overnight. Single chain Fv con- 
taining cleared lysates were prepared by addition of hen-egg lysozyme (#L-6876, 
Sigma) to a final concentration of 50 ug/ml for 1 hour at 25°C and centrifugation 

25 for 15 minutes at 3000 x g. Prior to the screening ELISA, the cleared lysates were 
blocked by the addition of an equal volume of DMEM + 10% FCS for 1 hour. For 
the screening ELISA, HT1080 cells were harvested with 0.05% EDTA, fixed with 
paraformaldehyde, diluted to lxl0 7 cells/ml in PBS and immobilized onto wells of 
a 96 well UV cross-link plate (Corning Costar). The wells of the UV cross-link 

30 plate were blocked with MPBS and the scFv containing blocked cleared lysates 
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added for 1.5 hours at 25°C. The plates were washed 2x with PBS + 0.1% Tween- 
20 and lx with PBS, incubated with HRP conjugated ctrE-tag (#27-9413-01, 
Pharmacia Biotech; diluted 1:5000 in MPBS with 0.1 % Tween-20) for 1 hour, 
washed 3x with PBS + 0.1% Tween-20 and 3x with PBS, developed with POD 
5 (#1 484 281, Roche) and signals read at 370 nm. Positive clones were retested 
against HT1080 cells and control human fibroblasts Hs-27 (ATCC CRL-1634) 
using the ELISA screening procedure described above. 

In a typical screen, 2760 (30x92) clones were screened for binding to HT1080 
cells with 5 % positives defined as clones giving a background subtracted signal > 
10 0.1. 155 positive clones were retested for specific binding to HT1080 cells com- 
pared to the Hs-27 control cells with 28 % positives defined as clones giving a 
background subtracted signal on HT 1080 of twice the value of the signal on Hs- 
27 control cells. scFvl was identified by applying this selection and screening 
method. 

15 Example 3.1: Selection and screening of scFv (Screening on adherent cells) 

For screening, the genes encoding the selected scFv, contained in the phage dis- 
play vector, were re-cloned to the expression vector pXP14. This vector directs 
the expression of a scFv in fusion with a Streptag and E-tag and does not contain a 
filamentous phage gene-3. Expression vector containing E. coli TGI from single 

20 colonies were grown in individual wells of a microtiter plate so that each well 
contains only one scFv clone. The bacteria were grown at 30°C in 2xTY supple- 
mented with 100 ug/ml ampicillin and 0.1% glucose in 96-well microtiter plates 
(#9297, TPP) until an OD 6 oo of 0.7. Expression was induced with IPTG at a final 
concentration of 0.5 mM and continued at 25°C overnight. Single chain Fv con- 

25 taming cleared lysates were prepared by addition of hen-egg lysozyme (#L-6876, 
Sigma) to a final concentration of 50 ug/ml for 1 hour at 25°C and centrifugation 
for 15 minutes at 3000xg. Prior to the screening ELISA, the cleared lysates were 
blocked by the addition of an equal volume of DMEM + 10% FCS for 1 hour. For 
the screening ELISA, HT1080 cells were seeded in a 96-well microtiter plate 
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(#9296, TIP) at a density of 3xl0 4 cells/well in DMEM + 10% FCS overnight at 
37°C. The wells were blocked with DMEM + 10% FCS for 1 hour at 37°C and the 
scFv containing blocked cleared lysates added for 1.5 hours at 25°C. The plates 
were washed 2x with PBS + 0.1% Tween-20 and lx with PBS, incubated with 
5 HRP conjugated a-E-tag (#27-9413-01, Pharmacia Biotech; diluted 1:5000 in 5% 
Skim Milk Powder (#70166, Fiuka) in PBS with 0,1 % Tween-20) for 1 hour, 
washed 3x with PBS +0.1% Tween-20 and 3x with PBS, developed with POD 
(#1 484 281, Roche) and signals read at 370 nm. Positive clones were retested 
against HT1080 cells and control human fibroblasts Hs-27 (ATCC CRL-1634) 
10 using the ELISA screening procedure described above. 

In a typical screen, 1472 (16x92) clones were screened for binding to HT1080 
cells with 16 % positives defined as clones giving a background subtracted signal 
> 0.1. 238 positive clones were retested for specific binding to HT1080 cells 
compared to the Hs-27 control cells with 28 % positives defined as clones giving 
15 a background subtracted signal on HT1080 of twice the value of the signal on Hs- 
27 control cells. scFv2 was identified by applying this selection and screening 
method. 

Example 4: Sequencing and large scale expression 

20 Sequencing of scFvl and scFv2 genes was performed by Sequiserve GmbH, 
Vaterstetten, Germany using the primer pXP2 Seq2 (5'- 

CCCCACGCGGTTCCAGC-3 , ) andpXP2 Seql (5 TACCTATTGCCTACGGC- 
30- The amino acid sequences are shown in Figure 10 and nucleotide sequences 
are shown in Figure 11. 

25 Unique clones identified by sequencing were streaked out from glycerol stocks 
onto LB/Amp(100^g/ml)/l% Glucose Agar plates and incubated o/n at 30°C. 10 
ml LB/Amp/Glu (1%) media were inoculated with a single cokmyand grown o/n 
at 30°C and 200 rpm shaking. The next morning the overnight cultures were 
placed on ice until inoculation of 1L 2xTY media supplemented with 100|ig/ml 

30 Ampicillin and 0.1% Glucose in 2L Erlenmeyer-flasks. The cultures were grown 
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at 25°C shaking until an OD 6 oo0.5 - 0.6 was reached and theninduced with IPTG 
0.1 mM final concentration. Fresh Ampicillin was added to 50 ug/ml and incuba- 
tion was proceeded at 22°C o/n shaking. In the morning the cultures were centri- 
fuged at 5000 x g for 15 minutes at 4°C, supernatants discarded and the pellets re- 

5 suspended carefully on ice with a pipette in 10 ml pre-cooled PBS-0.5 M Na 
buffer containing protease inhibitors complete (#1697498, Roche). After re- 
suspension was completed, bacterial suspensions were transferred to 20 ml oak- 
ridge centrifuge tubes and hen-egg lysozyme (#L-6876, Sigma) added to a final 
concentration of 50 ug/ml for 1 hour on ice. The lysed bacteria were centrifuged 

10 at 20000 x g for 15 minutes at 4°C and the supernatants Qysate) transferred to a 15 
ml plastic tube. For affinity purification the lysates were loaded with 1 ml/min 
onto 1ml StrepTactin (# 2-1505-010, IBA) columns equilibrated with 10 column 
volumes (CV) PBS-0.5 M Na buffer via a parallel protein purification system 
(self-made). After a 10 CV wash with PBS the elution was done with 5 CV 

15 PBS/5mM Desthiobiotin (#D-141 1, Sigma) and 1 ml fractions collected. The 
fractions were measured at UV280, protein containing fractions were pooled and 
concentrated with Amicon Ultra Centrifugal Filter Devices 10.000 MWCO 
(#UFC801024, Millipore) at 4700 x g. The concentrated scFv were checked on 
12% Bis-Tris SDS-PAGE gels stained with Coomassie Blue for purity and frozen 

20 in aliquots with 20 % glycerol at -80°C. 

Example 5: FACS analysis for tumor cell specific binding 

To test the ability of purified anti HT1080 single chain Fv to bind, specifically to 
target cells, we performed a fluorescence-activated cell sorter (FACS) analysis 

25 using HT1080 cells (ATCC CCL-121), KHOS cells (ATCC CRL-1544), PC-3 
cells (ATCC CRL-1435), BT-474 cells (ATCC HTB-20), Hela cells (DSMZ 
ACC-57), HL60 cells (DSMZ ACC-3), Jurkat cells (DSMZ ACC-282), MCF7 
cells (DSMZ ACC-115) and chang liver cells (DSMZ ACC-57 contain impurities 
of Hela cells) (for all 10 6 cells/ml) and Hs-27 cells (10 6 cells/ml) as control cell 

30 line (see Figure 5). Cells were incubated with lOug/ml of pure scFv in CellWash 
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(BD OBecton, Dickinson and Company) #349524) for 20 min at 4°C, washed, and 
bound scFvs were detected with a secondary FTTC labeled and E-tag mab (Amer- 
sham #27-9412-01). Samples were washed and analyzed on a Becton Dickinson 
FACSscan. Figure 5 shows the log fluorescence intensity (FL1-H; x-axis) versus 
5 the relative cell numbers (counts; y-axis) for cells reacting with scFvl. The thin 
line represents the control cell line (HS-27) and the bold line the tumor cell lines 
or chang liver cells. scFvl and scFv2 specifically stain the tumor cell lines with 
up to 10 fold higher signals compared to the control cell line. 

10 Example 6: Competition analysis by FACS 

To test the ability of the purified anti neuropilin-1 scFv to block common neuro- 
pilin-1 epitopes on the target cells, single cell suspensions of HT1080 are har- 
vested with 0,5mM EDTA/PBS. Approximately 1 x 10 6 cells are incubated in 
CellWash "(BD, #349524) with lOug/ml scFv for one hour at 4°C. After wash- 

15 ing with Cell Wash 10^g/ml FITC labeled scFv is added and incubated for 20 min 
at 4°C. Signals of bound FTTC labeled scFvs with and without pre incubation of 
other neuropilin-1 binders are analyzed on a Becton Dickinson FACSscan. " 

Example 7: Labeling of antibody fragments with FTTC 

20 scFv were labeled with fluorescein isothiocyante (FTTC) (Molecular Probes, 
Eugene, USA #F1906) by the following method: Aliquots of a lOmg/ml solution 
of FTTC in dimethyl sulfoxide were added to 100|ig of scFvl dissolved in 
PBS/0.5M NaHC0 3 , pH 9.5 in a ratio of 30:1 (FITC:scFvl). The sample was in- 
cubated for two hours at room temperature with agitation, free FTTC was sepa- 

25 rated using desalting columns (2 Micro Spin G-25, Pharmacia 27-5325-01). The 
ratio of labeling was determined via mass spectrometry and via UV/VTS spectros- 
copy, whereby the protein concentration was calculated at 280nm and the FTTC 
concentration at 494nm. 
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Example 8: Invasion assay for identification of inhibitory antibody fragments 

The ChemoTx® system (Neuro Probe Inc.#106-8, Gaithersburg) is used as a dis- 
posable chemotaxis/cell migration chamber in a 96 well format with an 8um filter 
Track etched Polycarbonate pore size, 5.7 mm diameter/site. 

5 13,3|il of 0.3mg/ml Matrigel (Matrigel is a solubilized basement membrane prepa- 
ration extracted from the Engelbreth-Holm-Swarm (EHS) mouse sarcoma, a tu- 
mor rich in extracellular matrix proteins. Its major component is laminin, followed 
by collagen IV, heparan sulfate proteoglycan, entactin and nidogen. It also con- 
tains TGF-P fibroblast growth factor, tissue plasminogen activator, and other 
LO growth factors which occur naturally in the EHS tumor) (Becton Dickenson, BD 
#356234) diluted in Dulbeccos PBS (Gibco #14040-091) is applied on the mem- 
brane filter of the 96-well plate on row B-H and on row A 1,2 jig/site of collagen 
S type I (Roche #10982929) is diluted in 0,05 M HC1 (Sigma #945-50) and is in- 
cubated over night at 20°C in a desiccator for gelation. HT1080 cells are grown to 
15 70-80% confluence in DMEM supplemented with GlutamaxI (862mg/l (Gibco 
#31966-021) with 10% FCS (Gibco #10270106). The cells are washed 2x with 
DMEM/GlutamaxI/0.1 % BSA (Sigma #A-7030) then labeled in situ with Bis- 
benzimide H 33342 (Sigma #B-2261) are diluted 1:100 in DMEM/GlutamaxI/0.1 
% BSA for 15 min at 37°C, 7,5% C0 2 . Cells are washed 2x with 
20 DMEM/Glutamaxl/0.1 % BSA and are loaded with DMEM/GlutamaxI/0. 1 % 
BSA for 15 min at 37°C, 7,5% C0 2 for recovering. After washing 2x with PBS 
w/o Ca 2+ , Mg 2+ (Gibco, 10010-015), the cells are detached with 0.5mM EDTA 
(Sigma #E8008), are collected with Dulbeccos PBS/0.1% BSA/lOmM Hepes 
(Gibco #15630-056), are washed 2x with Dulbeccos PBS/0.1% BSA/lOmM 
25 Hepes, are suspended in Dulbeccos PBS/0.1% BSA/lOmM Hepes and are diluted 
to 6,7 x 10 6 cells/ml with Dulbeccos PBS/0.1% BSA/lOmM Hepes. 6,7 x 10 6 
cells/ml are incubated 1:1 with 40ug/ml of a control scFv as a negative control for 
inhibition of invasion and with HT1080 specific scFv for lh on ice. After dilution 
to 6,7 x 10 5 cells/ml with DMEM/GlutamaxI/0.1 % BSA, HT1080 cells and 
30 HT1080 cell/scFv dilutions are pipetted in triplicate onto the chemotaxis chamber 
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(row B-H) at a density of 3,4 x 10 4 cells/well and are incubated for 6 h at 37°C, 
7,5% C0 2 . DMEM/GlutamaxI with 5% FCS is used as a chemo attractant in the 
lower chamber. A standard curve from lxlO 4 to 4xl0 4 cells/site is performed on 
collagen S type I coated row A of the chemotaxis chamber. 
5 DMEM/GlutamaxI/0.1% BSA is used in the lower chamber (cells are not migrat- 
ing). After scraping the non-migrating cells from the top of the membrane (except 
the Standard curve on row A) fluorescence of cells, which had migrated through 
the membrane (not migrated in case of the Standard curve), is measured on the 
Fluostar Galaxy (bMG) microplate reader using excitation/emission wavelengths 
10 of370/460nm. 



Example 8.1: Influence of VEGF on the invasion of HT1080 cells 

The invasion assay set-up was identical to the set-up described in Example 8. The 
invasion membrane (Neuroprobe #106-8, Gaithersburg, MD) was coated over- 
15 night with Matrigel (0,3mg/ml; BD #356234, Bedford, MA). 80 % confluent 
HT1080 cells were stained with Bis-benzimide H33342 and then detached with 
0,05% EDTA. Cells (7xl0 6 /ml, final 35.000/well) were pre-incubated for lh at 
4°C with: 

a. 0, 25, 50 or 100 ng/ml recombinant human VEGF (R&D Systems 
20 #293-VE, Minneapolis) in the presence or absence of 20 ug/ml anti- 
human VEGF antibody (R&D Systems #AF-293-NA). 5% FCS (not 
heat-inactivated) in DMEM was used as chemo- attractant in the well 
below the membrane; 

b. in the presence or absence of 20 ng/ml anti-human VEGF antibody, 
25 with 5% FCS and 25, 50 or 100 ng/ml VEGF as chemo-attractant; 

c. 0, 25, 50 or 100 ng/ml VEGF in the presence or absence of 20ug/ml 
anti-human VEGF antibody, with 1% BSA (Sigma #A7030, ST. 
Louis, MO) in DMEM in the well below the membrane; 
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d. in the presence or absence of 20 ng/ml anti-human VEGF antibody, 
using 25, 50 or 100 ng/ml VEGF in DMEM containing 1% BSA as 
chemo-attractant. 

50ul of the preincubated cell suspensions (a-d) were pipetted on top of the mem- 
5 brane and the invasion plate was incubated for 6h at 37°C, 7,5% C0 2 . The readout 
of the invasion assay was identical to the readout described in Example 8. No sig- 
nificant increase of invasion was seen when the cells were pre-incubated with 
different concentrations of recombinant VEGF (a). Also, the addition of anti- 
human VEGF antibody had no influence on the invasion of HT1080 cells (a), 
10 compared to the result of Experiment 8. The addition of recombinant VEGF to the 
chemo-attractant FCS did not result in an increase of invasion of HT1080 cells 
(b). A variation of the VEGF concentration did not show an effect either. The ad- 
dition of anti-human VEGF antibody had also no effect on this result (b). The pre- 
incubation with VEGF did not result in an invasion of HT1080 cells when BSA 
15 was used as a chemo-attractant (c). The use of VEGF as a chemo-attractant in 
DMEM and 1% BSA did also not stimulate the invasion of HT1080 cells (d), 
whereas 5% FCS as a chemo-attractant induced invasion (fourth bar from the left 
in Figure 2a). 

20 Example 9: Invasion assay for target identification with CALI 

This Example is in general identical to Example 8, except for the use of F1TC- 
labeled scFv (see, Example 7 for labeling) and the integration of the CALI process 
within the invasion assay. 

The ChemoTx® system (Neuro Probe Inc.#106-8, Gaithersburg) was used as a 
25 disposable chemotaxis/cell migration chamber in a 96 well format with an 8um 
filter Track etched Polycarbonate pore size, 5.7 mm diameter/site. 

13,3ul of 0.3mg/ml Matrigel (see Example 8) diluted in Dulbeccos PBS (Gibco 
#14040-091) was applied on the membrane filter of the 96-well plate on row B-H 
and on row A 1,2 ug/site of collagen S type I (Roche #10982929) was diluted in 
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0,05 M HC1 (Sigma #945-50) and was incubated over night at 20°C in a desicca- 
tor for gelation. HT1080 cells were grown to 70-80% confluence in DMEM sup- 
plemented with GlutamaxI (862mg/l (Gibco #31966-021) with 10% FCS (Gibco 
#10270106). The cells were washed 2x with DMEM/GlutamaxI/0. 1 % BSA 
(Sigma #A-7030) then labeled in situ with Bisbenzimide H 33342 (Sigma #B- 
2261) and were diluted 1:100 in DMEM/GlutamaxI/0.1 % BSA for 15 min at 
37°C, 7,5% C0 2 . Cells were washed 2x with DMEM/Glutamaxl/0.1 % BSA and 
loaded with DMEM/Glutamaxl/0.1 % BSA for 15 min at 37°C, 7,5% C0 2 for re- 
covering. After washing 2x with PBS w/o Ca 2+ , Mg 2 " 1 " (Gibco, 10010-015), the 
cells were detached with 0.5mM EDTA (Sigma #E8008), collected with Dulbec- 
cos PBS/0.1% BSA/lOmM Hepes (Gibco #15630-056), washed 2x with Dulbec- 
cos PBS/0.1% BSA/lOmM Hepes, suspended in Dulbeccos PBS/0.1% 
BSA/lOmM Hepes and diluted to 6,7 x 10 6 cells/ml with Dulbeccos PBS/0.1% 
BSA/lOmM Hepes. 6,7 x 10 6 cells/ml were incubated 1:1 with 40ug/ml of FTTC- 
labelled anti-betal integrin monoclonal antibody (JB1, Chemicon #MAB1963) as 
a control for inhibition of invasion after CALI and with HT1080 specific FITC 
labelled scFv for lh on ice. 1,3x10 s HT1080 cells/well or HT1080 cell/scFv or Ab 
dilution were pipetted in triplicate in two 96-well plate, black, ultra thin clear flat 
bottom special optics (Costar #3615). One plate was kept on ice in the dark while 
the other plate was irradiated on an ice block with continuous wave laser at 
488nm (0.5W, 30 sec). After dilution to 6,7 x 10 s cells/ml with 
DMEM/Glutamaxl/0.1 % BSA, HT1080 cells and HT1080 cell/scFv dilutions 
were pipetted in triplicate (non irradiated triplicate beside irradiated triplicate) 
onto the chemotaxis chamber (row B-H) at a density of 3,4 x 10 4 cells/well and 
incubated for 6 h at 37°C, 7,5% C0 2 . DMEM/GIutamaxI with 5% FCS was used 
as a chemo attractant in the lower chamber. A standard curve from lxl0 4 to 4x10* 
cells/site was performed on collagen S type I coated row A of the chemotaxis 
chamber. DMEM/GlutamaxI/0.1% BSA was used in the lower chamber (cells 
were hot migrating). "After scraping "the "non-migratihg cells from the 'top of the 
membrane (except the Standard curve on row A) fluorescence of cells, which had 
migrated through the membrane (not migrated in case of the Standard curve), was 
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measured on the Fluostar Galaxy (bMG) microplate reader using excita- 
tion/emission wavelengths of 370/460nm. In a general experiment, a value of 
45000 corresponded to 100% migrated cells. 

The invasion phenotype of HT1080 cells was assessed by comparing their relative 
5 ability to invade tumor extracellular matrix (Matrigel) using the Transwell culture 
system described above. scFvl showed after CALI an inhibitory effect of 25% on 
the invasion of the HT1080 cells. The result of the invasion assay with and with- 
out CALI (see Example 8) is shown in Figure 2. Figure 2 shows that CALI con- 
verts scFvl in an inhibitory antibody fragment. 

10 

Example 10: MTS viability assay 

Viable cells were detected by measuring the conversion of the tetrazolium dye 
MTS (MTS, Celltiter A que ous one, Promega #G4000) to formazan. HT1080 cells 
and HT1080 cell/scFv dilutions (obtained from the dilutions prepared in the Inva- 

15 sion assay) were pipetted in triplicate at a density of 3,4 x 10 4 cells/well and were 
plated in a 96-well plate (black, ultra thin clear flat bottom, special optics, Costar 
#3615) 10 jal MTS was added to each well and incubated for 1 hour at 37°C, 7,5% 
C0 2 . Absorbance was measured at 492 nm with the Fluostar Galaxy (bMG) mi- 
croplate reader. For all tested scFvs, no effect on viability of cells was seen (data 

20 not shown). 

Example 11: Cell-matrix adhesion assay for identification of inhibitory antibody 
fragments 

21 wells of a 96-well flat bottom plate (Costar #3614) were coated with one ma- 
25 trix protein selected from collagen S type I l|ig/well (Roche #10982929), collagen 
type IV ljig/well (Rockland 009-001-106), fibronectin l^g/well (Sigma F2518) 
and laminin l^g/well (Roche 1243217) in Dulbeccos PBS (Gibco #14040-091), 
respectively, at 4° C over night. At the same time 3 wells in row A were coated 
with 2% BSA (Sigma #A-7030)/Dulbeccos PBS for a blank value. Wells were 
30 washed twice with Dulbeccos PBS, and blocked with 2% BSA (Sigma #A- 
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7030)/Dulbeccos PBS for lh at 37°C and washed with Dulbeccos PBS. HT1080 
were harvested, stained with 2,5mM (final concentration) Calcein AM (Molecular 
Probes C-3099), washed twice with PBS w/o CaCl 2 w/o MgCfe (Gibco 10010- 
015) and diluted to 1,5 xl0 5 /ml in buffer (0,5% BSA (Sigma #A-7030) + lOmM 
Hepes + DMEM (Gibco 31966-02)). HT1080 cells were mixed with lOfig/ml 
scFv and incubated for 30 min on ice. The HT1080 cells alone and HT1080/scFv 
dilutions were pipetted in triplicate at a density of l,5xl0 4 cells/well and incu- 
bated for one hour at 37°C, 7,5% C0 2 . After two additional washing steps with 
Dulbeccos PBS, where non-adherent cells were washed away, a Standard curve 
from 3,7 xlO 3 to 1,5 xlO 4 stained cells/well diluted in Dulbeccos PBS was per- 
formed in triplicate in row A. Washed wells were filled with lOOul Dulbeccos 
PBS and the absorbance of attached cells and of the Standard curve was measured 
on the Fluostar Galaxy (bMG) microplate reader using excitation/emission wave- 
lengths of 485/520nm. scFvl showed an inhibitory effect of approximately 20% 
on the adhesion of HT1080 cells to collagen S type I, collagen type IV, fibronec- 
tin and laminin. scFv2 showed an inhibitory effect of 27 % on the adhesion of 
HT1080 cells to laminin and a relatively low inhibitory effect on the adhesion of 
HT1080 cells to collagen type IV and fibronectin. No effect was seen on the adhe- 
sion of HT1080 cells to collagen S type I. Results for scFvl and scFv2 are shown 
in Figure 4. 

Example 12: Cell-matrix adhesion assay for target identification with CALI 
96-well plates (TPP #9296) (cell culture treated) were coated in Row B-H with 
collagen S type I lug/well (Roche #10982929) in Dulbeccos PBS (Gibco #14040- 
091) and in Row A well 10-12 were coated with 2% BSA (Sigma #A- 
7030)/Dulbeccos PBS at 4°C over night. The plate was washed with Dulbeccos 
PBS, blocked Row B-H and Row A well 10-12 with 2% BSA/Dulbeccos PBS for 
lh at 37°C and washed j^ain with Dulbeccos PBS. HT1080 cells were grown to 
70-80% confluence in DMEM supplemented with GlutamaxI (862mg/l (Gibco 
#31966-021) with 10% FCS (Gibco #10270106). The cells were washed 2x with 
DMEM/Glutamaxl/0.1 % BSA (Sigma #A-7030) then labeled in situ with Bis- 
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benzimide H 33342 (Sigma #B-2261) were diluted 1:100 in 
DMEM/GlutamaxI/0.1 % BSA for 15 min at 37°C, 7,5% CO2. Cells were washed 
2x with DMEM/GlutamaxI/0.1 % BSA and loaded with DMEM/GlutamaxI/0.1 % 
BSA for 15 min at 37°C, 7,5% C0 2 for recovering. After washing 2x with PBS 
5 w/o Ca 2+ , Mg* + (Gibco, 10010-015), the cells were detached with 0.5mM EDTA 
(Sigma #E8008), collected with Dulbeccos PBS/0.1% BSA/lOmM Hepes (Gibco 
#15630-056), washed 2x with Dulbeccos PBS/0.1% BSA/lOmM Hepes, sus- 
pended in Dulbeccos PBS/0.1% BSA/lOmM Hepes and diluted to 6,7 x 10 6 
cells/ml with Dulbeccos PBS/0.1% BSA/lOmM Hepes. 6,7 x 10 6 cells/ml were 
10 incubated 1:1 with 40ug/ml of FTTC-labeled anti-betal integrin monoclonal anti- 
body (JB1, Chemicon #MAB1963) as a control for inhibition of adhesion after 
CALI and with HT1080 specific FTTC labeled scFv for lh on ice. 1,3x10 s 
HT1080 cells/well or HT1080 cell/scfv or Ab dilution were pipetted in triplicate 
in two 96-well plate, black, ultra thin clear flat bottom special optics (Costar 
15 #3615). One plate was kept on ice in the dark while the other plate was irradiated 
on an ice block with continuous wave laser at 488nm (0.5W, 30 sec). After dilu- 
tion to 6,7 x 10 s cells/ml with DMEM/GlutamaxI/0.1 % BSA..HT1080 cells and 
HT1080 cell/scFv dilutions were pipetted in triplicate (non irraditated triplicate 
beside irradiated triplicate) onto the coated and blocked plate. In Row A well 10- 
20 12 6,7 x 10 5 cells/ml with DMEM/GlutamaxI/0.1 % BSA were pipetted as a 
background control. Plate was incubated for lh at 37°C, 7,5% C0 2 and washed 2x 
with Dulbeccos PBS, where non-adherent cells were washed away. In Row A well 
1-9 a standard curve from lxlO 4 to 4xl0 4 cells/well is performed, in all other wells 
50 |il Dulbeccos PBS is pipetted. Fluorescence of cells, which had adhered to the 
25 Collagen S type I (not adhered in case of the Standard curve), was measured on 
the Fluostar Galaxy (bMG) microplate reader using excitation/emission wave- 
lengths of 370/460nm. scFvl showed after CALI an inhibitory effect of 30% on 
the adhesion of the HT1080 cells to collagen S type I. scFv2 showed after CALI 
an inhibitory effect of approximately 10% on the adhesion of HT1080 cells to 
30 collagen S type I. In one set of experiments scFv2 showed already an inhibitory 
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effect on the adhesion of HT1080 cells to collagen S type I of 5% without CALL 
The results of the adhesion assay with and without CALI are shown in Figure 3. 

Example 12: Immunoprecipitation 

HT1080 and Hs-27 cells (10 8 ) were lysed in 3ml 50 mM Tris-HCl, pH 8.0, 150 
mM NaCl, 1% Triton X-100 (v/v) containing protease inhibitor cocktail (1 pill in 
50ml buffer) (Boehringer Mannheim, Cat.-No. 1697498) and 100 uM Pefablock 
(Roth, Cat.-No. A154.1). Lysates were pre-incubated for 2h at 4°C with Streptac- 
tin Sepharose (IBA, # 2-1201-010) and the supernatants used for the immunopre- 
cipitation reactions. HT1080 specific scFv (50 ug/1 mg cell extract) were added to 
the cleared lysates, samples rotated for 2h at 4°C, gently centrifuged at 700g to 
pellet the Streptactin Sepharose, the pellet was washed 4 times with 1ml volume 
of PBS + 0.1% Tween buffer per wash, before the complexes were isolated by 
elution from the Streptactin Sepharose pellet with 50 ul 10 mM D-desthiobiotin in 
PBS 0.1% Tween 20. The immuno-complexes were separated by SDS-PAGE and 
silver stained for MS analysis. 

scFv 1 and scFv 2 pulled : down a protein, detected as a band on SDS-PAGE by 
silver staining at a molecular weight of -130 kDa. This band was only detected in 
the HT1080 cell extract and not in the Hs-27 cells (control cells), see Figure 6. 

Example 13: Protein identification via mass spectroscopy 

The gel bands obtained from immunoprecipitations followed by SDS PAGE were 
subjected to a tryptic in-gel digest over night at 37 °C. Peptides were extracted 
using 5% formic acid and the resulting peptide mixture was desalted using ZipTip 
uC18 (Millipore) and eluted first with 2 ul of 30% ACN/0.1% TFA, then with 2 
pi of 70% ACN/0.1% TFA. The two fractions were pooled and one microliter of 
the obtained peptide mixtures was mixed in a 1:1 ratio with a solution of cc-cyano- 
4-hydroxycinnamic acid (3 mg/ml), co-crystallized on a Teflon-coated stainless 
steel target and analyzed on a MALDI-TOF instrument yielding peptide mass fin- 
gerprints (PMF) in a mass range of m/z 800-3000. The obtained PMF were used 
to search all entries for the species Homo sapiens in the NCBI and SwissProt da- 
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tabases. In all cases, only peptides matching a given protein with a mass deviation 
of less than 10 ppm were considered for identification. 

The band with an approximate size of 130 fcDa, obtained by using scFvl or scFv2, 
yielded up to 17 peptide peaks (in different experiments with the same scFv), 

5 which matched neuropilin-1, with a maximum protein coverage of 22% (206/923 
residues). 3 peptides, namely peptide fragments 659-672, 680-702 and 776-787 
clearly support the identity of neuropilin-1. Neuropilin-l's splice variant, called 
soluble neuropilin-1, misses amino acids 645-923 when compared to neuropilin-1 
with its 923 amino acids. Therefore, the obtained mass spectrum clearly proves 

10 that the full length version of NP-1 was immunoprecipitated by scFvl and scFv2. 
A spectrum is shown in Figure 12. 

Example IS: Methods for epitope mapping 

An epitope mapping may be carried out according to one of the following meth- 



Example 15.1: "Classical" epitope mapping 

Defined fragments of the cDNA for the antigen of interest are expressed as re- 
combinant (fusion)proteins and probed in various assays such as Westernblot or 
ELISA. 

20 Example 15.2: Phage display technology 

The technique of epitope mapping using random peptide phage display libraries 
was developed to clone small random fragments of the cDNA for the antigen of 
interest into the phage protein pm of filamentous phages and display them on the 
surface of the phage (Pack et al., (1997) J. Immunol. Methods 7, 43-52). Epitope- 
25 displaying phages can be captured with antibodies in a procedure called "bio- 
panning". Sequencing of the inserts of the corresponding phages gives some in- 
formation on the epitopes. This procedure is in principle capable to identify con- 
formational epitopes. 



15 



ods: 
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Example 15.3: Peptide scan technology 

It is based on the synthesis of immobilized peptides on activated membranes using 
the Fmoc chemistry. Amino acid solutions are applied to the activated membrane 
leading to a peptide bond between the amino-group on the membrane (the mem- 
5 brane is activated with PEG) and the activated carboxy-group of the applied 
amino acid. After each cycle a specific washing procedure, acetylation, deprotec- 
tion and monotoring of free amino-groups is performed. In contrast to the in vivo 
protein-synthesis membrane bound oligo-peptide chains are stepwise synthesized 
from C- to the N-terminus. Oligo-peptides containing natural as well as modified 

10 amino acids can be synthesized up to a length of 20 amino acids. Following syn- 
thesis the membranes are equilibrated and unspecific binding sites are blocked. 
After incubation with the antibody of interest and several washing steps the de- 
tection is performed using an HRP-conjugated secondary antibody in combination 
with the ECL-System. Membranes can be stripped, regenerated, and re-used up to 

15 10 times depending on the antibody. Small overlapping oligo-peptides that ideally 
cover the complete amino acid sequence of the antigen of interest are synthesized 
on a solid support. This method allows the identification of linear epitopes on the 
amino acid level. It also allows rapid mutational studies. 

Example 16: Depletion of cellular neuropilin-1 protein by RNAi against neuro- 
20 pilin-1 mRNA 

The following ribo-oligonucleotides can be purchased from, e.g. Proligo (Ham- 
burg, Germany, www.proligo.com), Pierce Chemical (part of Perbio Science, 
Rockford, Illinois, www.perbio.coni), or another supplier of RNA oligonucleo- 



tides: 






25 Oligo 


1A 


(5'-CAGCACCATACAATCAGAGTT-3'), 


Oligo 


2A 


(5 , -CTCTGATTGTATGGTGCTGTT-3')> 


Oligo 


IB 


(5'- CAGCACCATTGAATCAGAGTT -3'), 


Oligo 


2B 


(5'- CTCTGATTCAATGGTGCTGTT -3'), 


Oligo 


3A 


(5*- TGGGATGTC AGAA AGA A ACTT-3 *), 


30 Oligo 


4A 


(5'- GTTTCTTTCTGACATCCCATT-3') 
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Oligo 3B (5 - TGGGATGTCTCAAAGAAACTT -3 r ), 

Oligo 4B (5 , -GTTTCT^TGAGACATCCCATT.3 , )• 

The oligonucleotides 1A and 2 A anneal to form siRNA directed against the neu- 
5 ropilin-1 mRNA, the oligonucleotides IB and 2B anneal to form a negative con- 
trol for the pair above, as the underlined nucleotides are mismatches to the neuro- 
pilin-1 mRNA. The oligonucleotides 3A and 4A anneal to form siRNA directed 
against the neuropilin-1 mRNA, the oligonucleotides 3B and 4B anneal to form a 
negative control for the 3 A/4A-pair, as the underlined nucleotides are mismatches 
10 to the neuropilin-1 mRNA. Both; the 1A/2A- and the 3A/4A-pair are directed 
against a C-terminal region only present in the membrane-bound full-length form 
of neuropilin-1, but not in the soluble form of neuropilin-1. 

The oligonucleotide pairs 1A/2A, 1B/2B, 3A/4A, 3B /4A are annealed using Pro- 
tocol 2 on page 203 of Elbashir et al., Methods (2002) 26: 199-213. When work- 

15 ing with RNA special care is used to avoid RNAse contamination of the oligonu- 
cleotides. DEPC-treated water is used for preparing buffers. Gloves are always 
worn to avoid RNAse-contamination by contact with the skin. For detailed in- 
struction on RNA-related work consult, e.g. Chapter 7.3 and 7.4 of the 2 nd edition 
of Sambrook et al. "Molecular Cloning: A Laboratory Manual" (1989), Cold 

20 Spring Harbor Laboratory Press. 

HT1080 cells are grown to about 90% confluence in DMEM supplemented with 
Glutamax (Gibco #31966-021) with 10% FCS (Gibco #10270106). 24h before 
transfection with the annealed oligonuceotide pairs described above, the 90% con- 
fluent cells out of a 175-ml cell culture flask are harvested, e.g. trypsinized with 
25 10ml trypsin-EDTA solution (Life Technologies), gently centrifuged and resus- 
pended in 10ml DMEM. The cell suspension is diluted 1:10 with fresh DMEM 
medium with 10% FCS without antibiotics and transferred as 500|il aliquots into 
each well of a 24-well plate. 24h after seeding the cells a confluency of about 50% 
is reached. 
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Separate wells of these cells are then transfected with the annealed oligonucleo- 
tide pairs described above according to Protocol 5 on page 207 of Elbashir et al., 
Methods (2002) 26, 199-213. 

After 2 days of incubation according to step 5 of protocol 5 mentioned above, the 
5 cells are harvested from the wells and the cells of each well are processed for 
Western blot, e.g. samples (corresponding to the same number of cells) from a 
well tranfected without oligonucleotides (untreated cells), a well transfected with 
the oligonucleotide pair 1A/2A, the pair 1B/2B (negative control 1/2), the pair 
3A/4A and the pair 3B/4B (negative control 3/4) are loaded on an acrylamide gel, 
10 after the run the proteins are blotted onto, e.g. nitrocellulose, e.g. using a semi-dry 
blotting apparatus, and the nitrocellulose membranes are probed with anti- 
neuropilin-1 antibodies. 

The amount of neuropilin-1 protein detected in at least one of the samples 1 A/2A 
or 3A/4A is reduced by more than 75% in comparison to the untreated cells. A 
15 significant reduction of the level of neuropilin-1 protein is not detected in the 
negative controls 1B/2B and 3B/4B in comparison to the untreated cells. 

Example 17: Inhibition of adhesion or invasion by RNAi against neuropilin-1 

HT1080 cells are grown to about 90% confluence in DMEM supplement with 
20 Glutamax (Gibco #31966-021) with 10% FCS (Gibco #10270106). 24h before 
transfection with the annealed oligonuceotide pairs described above, the 90% con- 
fluent cells out of a 175-ml cell culture flask are trypsinized with 10ml trypsin- 
EDTA solution (Life Technologies). The cell suspension is diluted 1:10 with fresh 
DMEM medium with 10% FCS without antibiotics and transferred as 500|il ali- 
25 quots into each well of a 24-well plate. 24h after seeding the cells a confluency of 
about 50% is reached. 

Separate wells of these cells are then transfected with the annealed~oligonucleo-' " ' 
tide pairs described above according to Protocol 5 on page 207. of Elbashir et al., 
Methods (2002) 26, 199-213. 
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After 2 days of incubation according to step 5 of protocol 5 mentioned above, the 
cells are labeled in situ with Bisbenzimide H 33342 (Sigma #B-2261) for 15 min 
at 37°C, 7,5% C0 2 . After washing, the cells are dissociated with 0.5mM 
EDTA/PBS (Sigma #E8008), washed and suspended in 0.1% BSA (Sigma 
5 #A7030)/DMEM. The cells are then diluted to 6,7 x 10 5 cells/ml with 0.1% 
BSA/DMEM, HT1080 cells and added onto the chemotaxis chamber as described 
in Example 8 or on a 96 well plate as described in Example 11. Invasiveness is 
then determined as described in Example 8 and adhesiveness is determined as 
described in Example 1 1. 

10 The adhesiveness or invasiveness measured in at least one of the samples 1A/2A 
or 3A/4A is reduced by more than 40% in comparison to the untreated cells. A 
significant reduction of invasiveness is not detected for the negative controls 
1B/2B and 3B/4B in comparison to the untreated cells. 
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1. A polypeptide comprising a sequence selected from the group consisting of 
SEQIDNO: 1 and SEQ ED: 2. 

2. The polypeptide of claim 1, wherein the polypeptide is an antibody or an anti- 
body fragment. 

3. The polypeptide of claim 2, wherein the CDR3 region of said antibody or an- 
tibody fragment is identical to one of the CDR3 regions shown in Figure 10. 

4. The polypeptide of any of claims 1 to 3, wherein said polypeptide is labeled 
with a detectable label; in particular wherein said detectable label is selected 
from the group consisting of a radioisotope, an enzyme and a chromophore. 

5. A bioconjugate comprising a polypeptide according to any of claims 1 to 5. 

6. Use of a polypeptide according to any of claims 1 to 4 and/or a bioconjugate 
of claim 5 for the detection of neuropilin-L 

7. A diagnostic kit comprising a polypeptide according to any of claims 1 to 4 
and/or a bioconjugate according to claim 5, and a container. 

8. A pharmaceutical composition comprising a bioconjugate according to claim 
5, and a pharmaceutical acceptable carrier. 

9. An isolated nucleic acid molecule encoding a polypeptide according to any of 
claims 1 to 4. 

10. A vector comprising a nucleic acid according to claim 9. 

11. Use of a molecule inhibiting neuropilin-l-f unction in the manufacture of a 
medicament for the treatment or prevention of metastasis of naturally occur- 
ring tumor cells, wherein the metastatic potential depends on neuropilin-1- 
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related invasion and/or adhesion, preferably wherein the tumor cells are tumor 
cells derived from mesodermal cells. 

12. Use according to claim 11, wherein the tumor cells are tumor cells derived 
from the group of neoplasms consisting of soft tissue tumors and sarcomas, fi- 
bromatous neoplasms, myxomatous neoplasms, lipomatous neoplasms, my- 
omatous neoplasms, complex mixed and stromal neoplasms, synovial-like 
neoplasms, mesothelial neoplasms, lymphatic vessel tumors, osseous and 
chondromatous neoplasms, giant cell tumors, miscellaneous bone tumors, 
odontogenic tumors, hodgkin's and non-Hodgkins's lymphoma, plasma cell 
tumors, mast cell tumors, immunoproliferative diseases and leukemias, in par- 
ticular tumor cells derived from the group of neoplasms consisting of soft tis- 
sue tumors and sarcomas, fibromatous neoplasms, myxomatous neoplasms, li- 
pomatous neoplasms, myomatous neoplasms, complex mixed and stromal 
neoplasms, synovial-like neoplasms, mesothelial neoplasms, lymphatic vessel 
tumors, osseous and chondromatous neoplasms, giant cell tumors, miscellane- 
ous bone tumors, odontogenic tumors, in particular tumor cells derived from 
sarcomas, in particular derived from sarcomas of the bone or sarcomas of soft 
tissue. 

13. The use of claims 11 or 12, wherein the molecule inhibits gene expression of 
neuropilin-1, in particular wherein the molecule is an antisense oligonucleo- 
tide, a siRNA or siRNA-like hairpin RNA, or a vector leading to the cellular 
presence of a siRNA or siRNA-like hairpin RNA. 

14. The use of claims 11 or 12 wherein the molecule inhibits the function of ex- 
pressed neuropilin-1; in particular wherein the molecule binds to the extracel- 
lular region of neuropilin-1; more particularly wherein the molecule is se- 
lected from the group consisting of a small chemical compound, an antibody, 
anantibody fragment, an anti-idiotypic- antibody; a polypeptide" according *to " 
any of claims 1 to 4 and a bioconjugate according to claim 5; especially 
wherein the molecule is a bioconjugate according to claim 5. 
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15. The use of any of claims 11 to 14, wherein the tumor cells are cells derived 
from the group of neoplasms consisting of malignant fibrous histiocytoma, 
liposarcoma, fibrosarcoma, synovial sarcoma, osteosarcoma (parosteal osteo- 
sarcoma, periosteal osteosarcoma, small-cell osteosarcoma), chondrosarcoma, 

5 Ewing's sarcoma, giant-cell tumor of bone, osteogenic sarcoma, leiomyosar- 

coma, rhabdomyosarcoma, mesothelioma, hemangiosarcoma, lymphangiosar- 
coma, myxosarcoma, endotheliosarcoma, chordoma, Kaposi's sarcoma and 
lymphangioendotheliosarcoma. 

16. An ex vivo method of determining the dependency of the invasiveness of a 
10 naturally occurring invasive cancer cell on the functionality of neuropilin-1, 

comprising the steps of: 

b) contacting the cancer cell with a molecule inhibiting neuropilin-1 function; 

c) contacting said cancer cell with a gel-like matrix under conditions suitable 
for the growth of said cancer cells; and 

15 d) determining the migration of said cancer cells through the gel-like matrix. 

17. An ex vivo method of determining the dependency of the adhesiveness of a 
naturally occurring invasive cancer cell on the functionality of neuropilin-1, 
comprising the steps of: 

20 a) contacting the cancer cell with a molecule inhibiting neuropilin-1 function; 

b) contacting said cancer cell with a layer of ECM proteins under conditions 
suitable for the growth of said cancer cells; and 

c) determining the adhesion of said cancer cells to the layer of ECM proteins. 

18. The method of claims 16 or 17, wherein step a) comprises contacting the cell 
25 with a polypeptide that specifically binds to an extracellular epitope of neuro- 
pilin-1, or wherein step a) comprises the use of an antisense oligonucleotide, 
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an siRNA or siRNA-like hairpin RNA, or a vector leading to the cellular pres- 
ence of an siRNA or siRNA-like hairpin RNA. 

19. The method of claims 16 or 18, wherein the gel-like matrix comprises the 
proteins collagen type IV, fibronectin and laminin. 

5 20. The method of claims 17 or 18, wherein the layer of ECM proteins comprises 
one protein selected from the group consisting of collagen S type I, collagen 
VI, fibronectin, laminin, nidogen, entactin, and vitronectin. 

21. A method of identifying a ligand binding specifically to the extracellular re- 
gion of neuropilin-1, wherein said ligand is capable of inhibiting invasiveness 

10 and/or adhesiveness of sarcoma cells, comprising the steps of: 

a) contacting a library of amplifiable ligand-displaying units (ALDUs) with 
invasive sarcoma cells; 

b) separating said sarcoma cells and the ALDUs bound thereto from ALDUs 
not bound to said cells; 

15 c) amplifying the ALDUs bound to said cells; 

d) identifying an ALDU or a ligand derived from an ALDU after step c) 
which affects invasiveness and/or adhesiveness of sarcoma cells; 

e) identifying an ALDU or a ligand derived from an ALDU after step d) ca- 
pable of binding to neuropilin-1; 

20 f) and optionally determining the identity of the ligand represented by said 

ALDU. 

22. The method of claim 21, instead of steps e) and f) further comprising the steps 
of: 



e) contacting the ALDUs of step c) with immobilized neuropilin-1; 
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f) separating said immobilized neuropilin-1 and the ALDUs bound thereto 
from ALDUs not bound to said immobilized neuropilin-1 ; 

g) amplifying the ALDUs bound to said immobilized neuropilin-1 ; 

h) and optionally determining the identity of the ligand represented by said 
5 ALDU. 

23. Use of a polypeptide according to claims 1 to 4 and/or a bioconjugate accord- 
ing to claim 5 for identifying molecules that specifically bind human neuro- 
pilin-1. 

24. A method of treating or preventing metastasis in a patient, said method com- 
10 prising administering to said patient a bioconjugate according to claim 5 or a 

ligand identifiable by the method of claims 21 or 22 in an amount effective to 
inhibit metastasis of neuropilin-1 mediated invasion and/or adhesion. 

25. The method according to claim 24, wherein said method is used to reduce or 
inhibit the invasion and/or adhesion of cancer cells derived from mesodermal 

15 cells, in particular cancer cells derived from sarcomas, in particular cancer 

cells derived from sarcomas of the bone and/or of soft tissue. 

26. The method according to claim 25, wherein the cancer cells are cells derived 
from the group of neoplasms consisting of malignant fibrous histiocytoma, 
liposarcoma, fibrosarcoma, synovial sarcoma, osteosarcoma (parosteal osteo- 

20 sarcoma, periosteal osteosarcoma, small-cell osteosarcoma), chondrosarcoma, 

Ewing's sarcoma, giant-cell tumor of bone, osteogenic sarcoma, leiomyosar- 
coma, rhabdomyosarcoma, mesothelioma, hemangiosarcoma, lymphangiosar- 
coma, myxosarcoma, endotheliosarcoma, chordoma, Kaposi's sarcoma and 
lymphangioendotheliosarcoma. 
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- ABSTRACT 

The invention relates to the use of molecules interfering with the function of neu-. 
ropilin-1 in tumor cells for the treatment of specific cancers. Polypeptides, con*- 
positions and methods are provided that are useful for reducing or inhibiting the 
invasiveness and/or the metastatic potential of specific tumor cells. Furthermore, a 
method is provided that allows to determine whether a naturally occurring tumor 
cell depends on functional neuropilin-1 for its invasiveness and/or metastatic po- 
tential. 
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130 kDa = Neuropilin 




Figure 6 




Figure 7a 



9/21 



Nucleotide Sequences pXPIO 

. 1 GACGAAAGGG CCTCGTGATA CGCCTATTTT TATAGGTTAA TGTCATGATA 

CTGCTTTCCC GGAGCACTAT GCGGATAAAA ATATCCAATT ACAGTACTAT 
51 ATAATGGTTT CTTAGACGTC AGGTGGCACT TTTCGGGGAA ATGTGCGCGG 

TATTACCAAA GAATCTGCAG TCCACCGTGA AAAGCCCCTT TACACGCGCC 
101 AACCCCTATT TGTTTATTTT TCTAAATACA TTCAAATATG TATCCGCTCA 

TTGGGGATAA ACAAATAAAA AGATTTATGT AAGTTTATAC ATAGGCGAGT 
151 TGAGACAATA ACCCTGATAA ATGCTTCAAT AATATTGAAA AAGGAAGAGT 

ACTCTGTTAT TGGGACTATT TACGAAGTTA TTATAACTTT TTCCTTCTCA 
201 ATGAGTATTC AACATTTCCG TGTCGCCCTT ATTCCCTTTT TTGCGGCATT 

TACTCATAAG TTGTAAAGGC ACAGCGGGAA TAAGGGAAAA AACGCCGTAA 
251 TTGCCTTCCT GTTTTTGCTC ACCCAGAAAC GCTGGTGAAA GTAAAAGATG 

AACGGAAGGA CAAAAACGAG TGGGTCTTTG CGACCACTTT CATTTTCTAC 
301 CTGAAGATCA GTTGGGTGCT CGAGTGGGTT ACATCGAACT GGATCTCAAC 

GACTTCTAGT CAACCCACGA GCTCACCCAA TGTAGCTTGA CCTAGAGTTG 
351 AGCGGTAAGA TCCTTGAGAG TTTTCGCCCC GAAGAACGTT TTCCAATGAT 

TCGCCATTCT AGGAACTCTC AAAAGCGGGG CTTCTTGCAA AAGGTTACTA 
401 GAGCACTTTT AAAGTTCTGC TATGTGGCGC GGTATTATCC CGTATTGACG 

CTCGTGAAAA TTTCAAGACG ATACACCGCG CCATAATAGG GCATAACTGC 
451 CCGGGCAAGA GCAACTCGGT CGCCGCATAC ACTATTCTCA GAATGACTTG 

GGCCCGTTCT CGTTGAGCCA GCGGCGTATG TGATAAGAGT CTTACTGAAC 
501 GTTGAGTACT CACCAGTCAC AGAAAAGCAT CTTACGGATG GCATGACAGT 

CAACTCATGA GTGGTCAGTG TCTTTTCGTA GAATGCCTAC CGTACTGTCA 
551 AAGAGAATTA TGCAGTGCTG CCATAACCAT GAGTGATAAC ACTGCGGCCA 

TTCTCTTAAT ACGTCACGAC GGTATTGGTA CTCACTATTG TGACGCCGGT 
601 ACTTACTTCT GACAACGATC GGAGGACCGA AGGAGCTAAC CGCTTTTTTG 

TGAATGAAGA CTGTTGCTAG CCTCCTGGCT TCCTCGATTG GCGAAAAAAC 
651 CACAACATGG GGGATCATGT AACTCGCCTT GATCGTTGGG AACCGGAGCT 

GTGTTGTACC CCCTAGTACA TTGAGCGGAA CTAGCAACCC TTGGCCTCGA 
701 GAATGAAGCC ATACCAAACG ACGAGCGTGA CACCACGATG CCTGTAGCAA 

CTTACTTCGG TATGGTTTGC TGCTCGCACT GTGGTGCTAC GGACATCGTT 
751 TGGCAACAAC GTTGCGCAAA CTATTAACTG GCGAACTACT TACTC TAGCT 

ACCGTTGTTG CAACGCGTTT GATAATTGAC CGCTTGATGA ATGAGATCGA 
801 TCCCGGCAAC AATTAATAGA CTGGATGGAG GCGGATAAAG TTGCAGGACC 

AGGGCCGTTG TTAATTATCT GACCTACCTC CGCCTATTTC AACGTCCTGG 
851 ACTTCTGCGC TCGGCCCTTC CGGCTGGCTG GTTTATTGCT GATAAATCTG 

TGAAGACGCG AGCCGGGAAG GCCGACCGAC CAAATAACGA CTATTTAGAC 
901 GAGCCGGTGA GCGTGGGTCT CGCGGTATCA TTGCAGCACT GGGGCCAGAT 

CTCGGCCACT CGCACCCAGA GCGCCATAGT AACGTCGTGA CCCCGGTCTA 
951 GGTAAGCCCT CCCGTATCGT AGTTATCTAC ACGACGGGGA GTCAGGCAAC 

CCATTCGGGA GGGCATAGCA TCAATAGATG TGCTGCCCCT CAGTCCGTTG 
1001 TATGGATGAA CGAAATAGAC AGATCGCTGA GATAGGTGCC TCACTGATTA 

ATACCTACTT GCTTTATCTG TCTAGCGACT CTATCCACGG AGTGACTAAT 
1051 AGCATTGGTA ACTGTCAGAC CAAGTTTACT CATATATACT TTAGATTGAT 

TCGTAACCAT TGACAGTCTG GTTCAAATGA GTATATATGA AATCTAACTA 
1101 TTAAAACTTC ATTTTTAATT TAAAAGGATC TAGGTGAAGA TCCTTTTTGA 

AATTTTGAAG TAAAAATTAA ATTTTCCTAG ATCCACTTCT AGGAAAAACT 
1151 TAATCTCATG ACCAAAATCC CTTAACGTGA GTTTTCGTTC CACTGAGCGT 

ATTAGAGTAC TGGTTTTAGG GAATTGCACT CAAAAGCAAG GTGACTCGCA 
1201 CAGACCCCGT AGAAAAGATC AAAGGATCTT CTTGAGATCC TTTTTTTCTG 

GTCTGGGGCA TCTTTTCTAG TTTCCTAGAA GAACTCTAGG AAAAAAAGAC 
1251 CGCGTAATCT GCTGCTTGCA AACAAAAAAA CCACCGCTAC CAGCGGTGGT 

GCGCATTAGA CGACGAACGT TTGTTTTTTT GGTGGCGATG GTCGCCACCA 
1301 TTGTTTGCCG GATCAAGAGC TACCAACTCT TTTTCCGAAG GTAACTGGCT 

AACAAACGGC CTAGTTCTCG ATGGTTGAGA AAAAGGCTTC CATTGACCGA 
1351 TCAGCAGAGC GCAGATACCA AATACTGTCC TTCTAGTGTA GCCGTAGTTA 
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AGTCGTCTCG CGTCTATGGT TTATGACAGG AAGATCACAT CGGCATCAAT 
1401 GGCCACCACT TCAAGAACTC TGTAGCACCG CCTACATACC TCGCTCTGCT 

CCGGTGGTGA AGTTCTTGAG ACATCGTGGC GGATGTATGG AGCGAGACGA 
1451 AATCCTGTTA CCAGTGGCTG CTGCCAGTGG CGATAAGTCG TGTCTTACCG 

TTAGGACAAT GGTCACCGAC GACGGTCACC GCTATTCAGC ACAGAATGGC 
1501 GGTTGGACTC AAGACGATAG TTACCGGATA AGGCGCAGCG GTCGGGCTGA 

CCAACCTGAG TTCTGCTATC AATGGCCTAT TCCGCGTCGC CAGCCCGACT 
1551 ACGGGGGGTT CGTGCATACA GCCCAGCTTG GAGCGAACGA CCTACACCGA 

TGCCCCCCAA GCACGTATGT CGGGTCGAAC CTCGCTTGCT GGATGTGGCT 
1601 ACTGAGATAC CTACAGCGTG AGCTATGAGA AAGCGCCACG CTTCCCGAAG 

TGACTCTATG GATGTCGCAC TCGATACTCT TTCGCGGTGC GAAGGGCTTC 
1651 GGAGAAAGGC GGACAGGTAT CCGGTAAGCG GCAGGGTCGG AACAGGAGAG 

CCTCTTTCCG CCTGTCCATA GGCCATTCGC CGTCCCAGCC TTGTCCTCTC 
1701 . CGCACGAGGG AGCTTCCAGG GGGAAACGCC TGGTATCTTT ATAGTCCTGT 

GCGTGCTCCC TCGAAGGTCC CCCTTTGCGG ACCATAGAAA TATCAGGACA 
1751 CGGGTTTCGC CACCTCTGAC TTGAGCGTCG ATTTTTGTGA TGCTCGTCAG 

GCCCAAAGCG GTGGXGACTG AACTCGCAGC TAAAAACACT ACGAGCAGTC 
1801 . GGGGGCGGAG CCTATGGAAA AACGCCAGCA ACGCGGCCTT TTTACGGTTC 

CCCCCGCCTC GGATACCTTT TTGCGGTCGT TGCGCCGGAA AAATGCCAAG 
1851 CTGGCCTTTT GCTGGCCTTT TGCTCACATG TTCTTTCCTG CGTTATCCCC 

GACCGGAAAA CGACCGGAAA ACGAGTGTAC AAGAAAGGAC GCAATAGGGG 
1901 TGATTCTGTG GATAACCGTA TTACCGCCTT TGAGTGAGCT GATACCGCTC 

ACTAAGACAC CTATTGGCAT AATGGCGGAA ACTCACTCGA CTATGGCGAG 
1951 GCCGCAGCCG AACGACCGAG CGCAGCGAGT CAGTGAGCGA GGAAGCGGAA 

CGGCGTCGGC TTGCTGGCTC GCGTCGCTCA GTCACTCGCT CCTTCGCCTT 
2001 GAGCGCCCAA TACGCAAACC GCCTCTCCCC GCGCGTTGGC CGATTCATTA 

CTCGCGGGTT ATGCGTTTGG CGGAGAGGGG CGCGCAACCG GCTAAGTAAT 
2051 ATGCAGCTGG CACGACAGGT TTCCCGACTG GAAAGCGGGC AGTGAGCGCA 

TACGTCGACC GTGCTGTCCA AAGGGCTGAC CTTTCGCCCG TCACTCGCGT 
2101*. ACGCAATTAA TGTGAGTTAG CTCACTCATT AGGCACCCCA GGCTTTACAC 

TGCGTTAATT ACACTCAATC GAGTGAGTAA TCCGTGGGGT CCGAAATGTG 
2151 TTTATGCTTC CGGCTCGTAT GTTGTGTGGA ATTGTGAGCG GATAACAATT 

AAATACGAAG GCCGAGCATA CAACACACCT TAACACTCGC CTATTGTTAA 
2201 TCACACAGGA AACAGCTATG ACCATGATTA CGCCAAGCTT TGGAGCCTTT 

AGTGTGTCCT TTGTCGATAC TGGTACTAAT GCGGTTCGAA ACCTCGGAAA 
2251 TTTTTGGAGA TTTTCAACGT GAAAAAATTA TTATTCGCAA TTCCTTTAGT 

AAAAACCTCT AAAAGTTGCA CTTTTTTAAT AATAAGCGTT AAGGAAATCA 
2301 TGTTCCTTTC TATGCGGCCC AGCCGGCCAT GGCCCAGGTC CAGTCGACAG 

ACAAGGAAAG ATACGCCGGG TCGGCCGGTA CCGGGTCCAG GTCAGCTGTC 
2351 GTGGAGGCGG TTCAGGCGGA GGTGGCTCTG GCGGTGGCGG AAGTGCACTC 

CACCTCCGCC AAGTCCGCCT CCACCGAGAC CGCCACCGCC TTCACGTGAG 
2401 ATCAAACGGC GGCCGCAGGT GCGCCGGTGC CGTATCCGGA TCCGCTGGAA 

TAGTTTGCCG CCGGCGTCCA CGCGGCCACG GCATAGGCCT AGGCGACCTT 
2451 CCGCGTGCCG CATAGGCTGG CGGCGGCTCT GGTGGTGGTT CTGGTGGCGG 

GGCGCACGGC GTATCCGACC GCCGCCGAGA CCACCACCAA GACCACCGCC 
2501 CTCTGAGGGT GGCGGCTCTG AGGGTGGCGG TTCTGAGGGT GGCGGCTCTG 

GAGACTCCCA CCGCCGAGAC TCCCACCGCC AAGACTCCCA CCGCCGAGAC 
2551 AGGGTGGCGG TTCCGGTGGC GGCTCCGGTT CCGGTGATTT TGATTATGAA 

TCCCACCGCC AAGGCCACCG CCGAGGCCAA GGCCACTAAA ACTAATACTT 
2601 AAAATGGCAA ACGCTAATAA GGGGGCTATG ACCGAAAATG CCGATGAAAA 

TTTTACCGTT TGCGATTATT CCCCCGATAC TGGCTTTTAC GGCTACTTTT 
2651 CGCGCTACAG TCTGACGCTA AAGGCAAACT TGATTCTGTC GCTACTGATT 
. . . GCGCGATGTC AGACTGCGAT TTCCGTITGA JVCTAAGACAG -CGATGACTAA. . — . 
2701 ACGGTGCTGC TATCGATGGT TTCATTGGTG ACGTTTCCGG CCTTGCTAAT 

TGCCACGACG ATAGCTACCA AAGTAACCAC TGCAAAGGCC GGAACGATTA 
2751 GGTAATGGTG CTACTGGTGA TTTTGCTGGC TCTAATTCCC AAATGGCTCA 

CCATTACCAC GATGACCACT AAAACGACCG AGATTAAGGG TTTACCGAGT 
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2801 AGTCGGTGAC GGTGATAATT CACCTTTAAT GAATAATTTC CGTCAATATT 
TCAGCCACTG CCACTATTAA GTGGAAATTA CTTATTAAAG GCAGTTATAA 
2851 TACCTTCTTT GCCTCAGTCG GTTGAATGTC GCCCTTATGT CTTTGGCGCT 
ATGGAAGAAA CGGAGTCAGC CAACTTACAG CGGGAATACA GAAACCGCGA 
2901 GGTAAACCAT ATGAATTTTC TATTGATTGT GACAAAATAA ACTTATTCCG. 

CCATTTGGTA TACTTAAAAG ATAACTAACA CTGTTTTATT TGAATAAGGC 
2951 TGGTGTCTTT GCGTTTCTTT TATATGTTGC CACCTTTATG TATGTATTTT 
ACCACAGAAA CGCAAAGAAA ATATACAACG GTGGAAATAC ATACATAAAA 
3001 CGACGTTTGC TAACATACTG CGTAATAAGG AGTCTTAATA AGAATTCACT 
GCTGCAAACG ATTGTATGAC GCATTATTCC TCAGAATTAT TCTTAAGTGA 
3051 GGCCGTCGTT TTACAACGTC GTGACTGGGA AAACCCTGGC GTTACCCAAC 
CCGGCAGCAA AATGTTGCAG CACTGACCCT TTTGGGACCG CAATGGGTTG 
3101 TTAATCGCCT TGCAGCACAT CCCCCTTTCG CCAGCTGGCG TAATAGCGAA 
AATTAGCGGA ACGTCGTGTA GGGGGAAAGC GGTCGACCGC ATTATCGCTT 
3151 GAGGCCCGCA CCGATCGCCC TTCCCAACAG TTGCGCAGCC TGAATGGCGA 
CTCCGGGCGT GGCTAGCGGG AAGGGTTGTC AACGCGTCGG ACTTACCGCT 
3201 * ATGGCGCCTG ATGCGGTATT TTCTCCTTAC GCATCTGTGC GGTATTTCAC 
TACCGCGGAC TACGCCATAA AAGAGGAATG CGTAGACACG CCATAAAGTG 
3251 ACCGCATACG TCAAAGCAAC CATAGTACGC GCCCTGTAGC GGCGCATTAA 
TGGCGTATGC AGTTTCGTTG GTATCATGCG CGGGACATCG CCGCGTAATT 
3301 GCCCGGCGGG TGTGGTGGTT ACGCGCAGCG TGACCGCTAC ACTTGCCAGC 
CGGGCCGCCC ACACCACCAA TGCGCGTCGC ACTGGCGATG TGAACGGTCG 
3351 GCCCTAGCCC CCGCTCCTTT CGCTTTCTTC CCTTCCTTTC TCGCCACGTT 
CGGGATCGGG GGCGAGGAAA GCGAAAGAAG GGAAGGAAAG AGCGGTGCAA 
3401 CGCCGGCTTT CCCCGTCAAG CTCTAAATCG GGGGCTCCCT TTAGGGTTCC 
GCGGCCGAAA GGGGCAGTTC GAGATTTAGC CCCCGAGGGA AATCCCAAGG 
3451 GATTTAGTGC TTTACGGCAC CTCGACCCCA AAAAACTTGA TTTGGGTGAT 
CTAAATCACG AAATGCCGTG GAGCTGGGGT TTTTTGAACT AAACCCACTA 
3501 GGTTCACGTA GTGGGCCATC GCCCTGATAG ACGGTTTTTC GTCCTTTGAC 
CCAAGTGCAT CACCCGGTAG CGGGACTATC TGCCAAAAAG CAGGAAACTG 
3551 GTTCGAGTCC ACGTTCTTTA ATAGTGGACT CTTGTTCCAA ACTGGAACAA 
CAAGCTCAGG TGCAAGAAAT TATCACCTGA GAACAAGGTT TGACCTTGTT 
3601 TACTCAACCC TATCTCGGGC TATTCTTTTG ATTTATAAGG GATTTTGCCG 
ATGAGTTGGG ATAGAGCCCG ATAAGAAAAC TAAATATTCC CTAAAACGGC 
3651 ATTTCGGCCT ATTGGTTAAA AAATGAGCTG ATTTAACAAA AATTTAACGC 
TAAAGCCGGA TAACCAATTT TTTACTCGAC TAAATTGTTT TTAAATTGCG 
3701 GAATTTTAAC AAAATATTAA CGTTTACAAT TTTATGGTGC AGTCTCAGTA 
CTTAAAATTG TTTTATAATT GCAAATGTTA AAATACCACG TCAGAGTCAT 
3751 CAATCTGCTC TGATGCCGCA TAGTTAAGCC AGCCCCGACA CCCGCCAACA 
GTTAGACGAG ACTACGGCGT ATCAATTCGG TCGGGGCTGT GGGCGGTTGT 
3801 CCCGCTGACG CGCCCTGACG GGCTTGTCTG CTCCCGGCAT CCGCTTACAG 
GGGCGACTGC GCGGGACTGC CCGAACAGAC GAGGGCCGTA GGCGAATGTC 
3851 ACAAGCTGTG ACCGTCTCCG GGAGCTGCAT GTGTCAGAGG TTTTCACCGT 
TGTTCGACAC TGGCAGAGGC CCTCGACGTA CACAGTCTCC AAAAGTGGCA 
3901 CATCACCGAA ACGCGCGA 
GTAGTGGCTT TGCGCGCT 



Figure 7b 
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Aval (3048) 




-35 



Figure 8a 
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Nucleotide Sequences pXP14 

1 GACGAAAG6G CCTCGTGATA 

CTGCTTTCCC GGAGCACTAT 
51 ATAATGGTTT CTTAGACGTC 

TATTACCAAA GAATCTGCAG 
101 AACCCCTATT TGTTTATTTT 

TTGGGGATAA ACAAATAAAA 
151 TGAGACAATA ACCCTGATAA 

ACTCTGTTAT TGGGACTATT 
201 ATGAGTATTC AACATTTCCG 

TACTCATAAG TTGTAAAGGC 
251 TTGCCTTCCT GTTTTTGCTC 

AACGGAAGGA CAAAAACGAG 
301 CTGAAGATCA GTTGGGTGCT 

GACTTCTAGT CAACCCACGA 
351 AGCGGTAAGA TCCTTGAGAG 

TCGCCATTCT AGGAACTCTC 
401 GAGCACTTTT AAAGTTCTGC 

CTCGTGAAAA TTTCAAGACG 
451 CCGGGCAAGA GCAACTCGGT 

GGCCCGTTCT CGTTGAGCCA 
501 GTTGAGTACT CACCAGTCAC 

CAACTCATGA GTGGTCAGTG 
551 AAGAGAATTA TGCAGTGCTG 

TTCTCTTAAT ACGTCACGAC 
601 ACTTACTTCT GACAACGATC 

TGAATGAAGA CTGTTGCTAG 
651 CACAACATGG GGGATCATGT 

GTGTTGTACC CCCTAGTACA 
701 GAATGAAGCC ATACCAAACG 

CTTACTTCGG TATGGTTTGC 
751 TGGCAACAAC GTTGCGCAAA 

ACCGTTGTTG CAACGCGTTT 
801 TCCCGGCAAC AATTAATAGA 

AGGGCCGTTG TTAATTATCT 
851 ACTTCTGCGC TCGGCCCTTC 

TGAAGACGCG AGCCGGGAAG 
901 GAGCCGGTGA GCGTGGGTCT 

CTCGGCCACT CGCACCCAGA 
951 GGTAAGCCCT CCCGTATCGT 

CCATTCGGGA GGGCATAGCA 
1001 TATGGATGAA CGAAATAGAC 

ATACCTACTT GCTTTATCTG 
1051 AGCATTGGTA ACTGTCAGAC 

TCGTAACCAT TGACAGTCTG 
1101 TTAAAACTTC ATTTTTAATT 

AATTTTGAAG TAAAAATTAA 
1151 TAATCTCATG ACCAAAATCC 

ATTAGAGTAC TGGTTTTAGG 
1201 CAGACCCCGT AGAAAAGATC 

GTCTGGGGCA TCTTTTCTAG 



CGCCTATTTT 
GCGGATAAAA 
AGGTGGCACT 
TCCACCGTGA 
TCTAAATACA 
AGATTTATGT 
ATGCTTCAAT 
TACGAAGTTA 
TGTCGCCCTT 
ACAGCGGGAA 
ACCCAGAAAC 
TGGGTCTTTG 
CGAGTGGGTT 
GCTCACCCAA 
TTTTCGCCCC 
AAAAGCGGGG 
TATGTGGCGC 
ATACACCGCG 
CGCCGCATAC 
GCGGCGTATG 
AGAAAAGCAT 
TCTTTTCGTA 
CCATAACCAT 
GGTATTGGTA 
GGAGGACCGA 
CCTCCTGGCT 
AACTCGCCTT 
TTGAGCGGAA 
ACGAGCGTGA 
TGCTCGCACT 
CTATTAACTG 
GATAATTGAC 
CTGGATGGAG 
GACCTACCTC 
CGGCTGGCTG 
GCCGACCGAC 
CGCGGTATCA 
GCGCCATAGT 
AGTTATCTAC 
TCAATAGATG 
AGATCGCTGA 
TCTAGCGACT 
CAAGTTTACT 
GTTCAAATGA 
TAAAAGGATC 
ATTTTCCTAG 
CTTAACGTGA 
GAATTGCACT 
AAAGGATCTT 
TTTCCTAGAA 



TATAGGTTAA 
ATATCCAATT 
TTTCGGGGAA 
AAAGCCCCTT 
TTCAAATATG 
AAGTTTATAC 
AATATTGAAA 
TTATAACTTT 
ATTCCCTTTT 
TAAGGGAAAA 
GCTGGTGAAA 
CGACCACTTT 
ACATCGAACT 
TGTAGCTTGA 
GAAGAACGTT 
CTTCTTGCAA 
GGTATTATCC 
CCATAATAGG 
ACTATTCTCA 
TGATAAGAGT 
CTTACGGATG 
GAATGCCTAC 
GAGTGATAAC 
CTCACTATTG 
AGGAGCTAAC 
TCCTCGATTG 
GATCGTTGGG 
CTAGCAACCC 
CACCACGATG 
GTGGTGCTAC 
GCGAACTACT 
CGCTTGATGA 
GCGGATAAAG 
CGCCTATTTC 
GTTTATTGCT 
CAAATAACGA 
TTGCAGCACT 
AACGTCGTGA 
ACGACGGGGA 
TGCTGCCCCT 
GATAGGTGCC 
CTATCCACGG 
CATATATACT 
GTATATATGA 
TAGGTGAAGA 
ATCCACTTCT 
GTTTTCGTTC 
CAAAAGCAAG 
CTTGAGATCC 
GAACTCTAGG 



TGTCATGATA 
ACAGTACTAT 
ATGTGCGCGG 
TACACGCGCC 
TATCCGCTCA 
ATAGGCGAGT 
AAGGAAGAGT 
TTCCTTCTCA 
TTGCGGCATT 
AACGCCGTAA 
GTAAAAGATG 
CATTTTCTAC 
GGATCTCAAC 
CCTAGAGTTG 
TTCCAATGAT 
AAGGTTACTA 
CGTATTGACG 
GCATAACTGC 
GAATGACTTG 
CTTACTGAAC 
GCATGACAGT 
CGTACTGTCA 
ACTGCGGCCA 
TGACGCCGGT 
CGCTTTTTTG 
GCGAAAAAAC 
AACCGGAGCT 
TTGGCCTCGA 
CCTGTAGCAA 
GGACATCGTT 
TACTCTAGCT 
ATGAGATCGA 
TTGCAGGACC 
AACGTCCTGG 
GATAAATCTG 
CTATTTAGAC 
GGGGCCAGAT 
CCCCGGTCTA 
GTCAGGCAAC 
CAGTCCGTTG 
TCACTGATTA 
AGTGACTAAT 
TTAGATTGAT 
AATCTAACTA 
TCCTTTTTGA 
AGGAAAAACT 
CACTGAGCGT 
GTGACTCGCA 
TTTTTTTCTG 
AAAAAAAGAC 
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TTACCGGATA 
AATGGCCTAT 



1251 CGCGTAATCT GCTGCTTGCA AACAAAAAAA 
GCGCATTAGA CGACGAACGT TTGTTTTTTT 
1301 TTGTTTGCCG GATCAAGAGC TACCAACTCT 
AACAAACGGC CTAGTTCTCG ATGGTTGAGA 
1351 TCAGCAGAGC GCAGATACCA AATACTGTCC 
AGTCGTCTCG CGTCTATGGT TTATGACAGG 
1401 GGCCACCACT TCAAGAACTC TGTAGCACCG 
CCGGTGGTGA AGTTCTTGAG ACATCGTGGC 
1451 AATCCTGTTA CCAGTGGCTG CTGCCAGTGG 
TTAGGACAAT GGTCACCGAC GACGGTCACC 
1501 GGTTGGACTC AAGACGATAG 
CCAACCTGAG TTCTGCTATC 
1551 ACGGGGGGTT CGTGCATACA GCCCAGCTTG 
>~ TGCCCCCCAA -GCACGTATGT CGGGTCGAAC - 
1601 ACTGAGATAC CTACAGCGTG AGCTATGAGA 
TGACTCTATG GATGTCGCAC TCGATACTCT 
1651 GGAGAAAGGC GGACAGGTAT CCGGTAAGCG 
CCTCTTTCCG CCTGTCCATA GGCCATTCGC 
1701 CGCACGAGGG AGCTTCCAGG GGGAAACGCC 
GCGTGCTCCC TCGAAGGTCC CCCTTTGCGG 
1751 CGGGTTTCGC CACCTCTGAC TTGAGCGTCG 
GCCCAAAGCG GTGGAGACTG AACTCGCAGC 
1801 GGGGGCGGAG CCTATGGAAA AACGCCAGCA 
CCCCCGCCTC GGATACCTTT TTGCGGTCGT 
1851 CTGGCCTTTT GCTGGCCTTT TGCTCACATG 
GACCGGAAAA CGACCGGAAA ACGAGTGTAC 
1901 TGATTCTGTG GATAACCGTA TTACCGCCTT 
ACTAAGACAC CTATTGGCAT AATGGCGGAA 
1951 GCCGCAGCCG AACGACCGAG CGCAGCGAGT 
CGGCGTCGGC TTGCTGGCTC GCGTCGCTCA 
2001 GAGCGCCCAA TACGCAAACC GCCTCTCCCC 
CTCGCGGGTT ATGCGTTTGG CGGAGAGGGG 
2051 ATGCAGCTGG CACGACAGGT TTCCCGACTG 
TACGTCGACC GTGCTGTCCA AAGGGCTGAC 
2101 ACGCAATTAA TGTGAGTTAG CTCACTCATT 
TGCGTTAATT ACACTCAATC GAGTGAGTAA 
2151 TTTATGCTTC CGGCTCGTAT GTTGTGTGGA 
AAATACGAAG GCCGAGCATA CAACACACCT 
2201 TCACACAGGA AACAGCTATG ACCATGATTA 
AGTGTGTCCT TTGTCGATAC TGGTACTAAT 
2251 TCTATTTCAA GGAGACAGTC ATAATGAAAT 

AGATAAAGTT CCTCTGTCAG 
2301 GCTGGATTGT TATTACTCGC 

CGACCTAACA ATAATGAGCG CCGGGTCGGC 
2351 GCAGGTCGGC CTCGAGATCA AACGGGCGGC 
CGTCCAGCCG GAGCTCTAGT TTGCCCGCCG 
2401 ATCCAGATCC GCTGGAACCG CGTGGGGCCG 
TAGGTCTAGG "CGAGCTTGGC GCACCCCGGC 
2451 CAGTTCGAAA AATAATAAGG ATCCGAATTC 
GTCAAGCTTT TTATTATTCC TAGGCTTAAG 



TATTACTTTA 
GGCCCAGCCG 



CCACCGCTAC 
GGTGGCGATG 
TTTTCCGAAG 
AAAAGGCTTC 
TTCTAGTGTA 
AAGATCACAT 
CCTACATACC 
GGATGTATGG 
CGATAAGTCG 
GCTATTCAGC 
AGGCGCAGCG 
TCCGCGTCGC 
GAGCGAACGA 
CTCGCTTGCT 
AAGCGCCACG 
TTCGCGGTGC 
GCAGGGTCGG 
CGTCCCAGCC 
TGGTATCTTT 
ACCATAGAAA 
ATTTTTGTGA 
TAAAAACACT 
ACGCGGCCTT 
TGCGCCGGAA 
TTCTTTCCTG 
AAGAAAGGAC 
TGAGTGAGCT 
ACTCACTCGA 
CAGTGAGCGA 
GTCACTCGCT 
GCGCGTTGGC 
CGCGCAACCG 
GAAAGCGGGC 
CTTTCGCCCG 
AGGCACCCCA 
TCCGTGGGGT 
ATTGTGAGCG 
TAACACTCGC 
CGCCAAGCTT 
GCGGTTCGAA 
ACCTATTGCC 
TGGATAACGG 
GCCATGGCCC 
CGGTACCGGG 
CGCAGGTGCG 
GCGTCCACGC 
CAAGCGCTTG 
GTTCGCGAAC 
ACTGGCCGTC 
TGACCGGCAG 



CAGCGGTGGT 
GTCGCCACCA 
GTAACTGGCT 
CATTGACCGA 
GCCGTAGTTA 
CGGCATCAAT 
TCGCTCTGCT 
AGCGAGACGA 
TGTCTTACCG 
ACAGAATGGC 
GTCGGGCTGA 
CAGCCCGACT 
CCTACACCGA 
GGATGTGGCT 
CTTCCCGAAG 
GAAGGGCTTC 
AACAGGAGAG 
TTGTCCTCTC 
ATAGTCCTGT 
TATCAGGACA 
TGCTCGTCAG 
ACGAGCAGTC 
TTTACGGTTC 
AAATGCCAAG 
CGTTATCCCC 
GCAATAGGGG 
GATACCGCTC 
CTATGGCGAG 
GGAAGCGGAA 
CCTTCGCCTT 
CGATTCATTA 
GCTAAGTAAT 
AGTGAGCGCA 
TCACTCGCGT 
GGCTTTACAC 
CCGAAATGTG 
GATAACAATT 
CTATTGTTAA 
GCATGCAAAT 
CGTACGTTTA 
TACGGCAGCC 
ATGCCGTCGG 
AGGTGCAGCT 
TCCACGTCGA 
CCGGTGCCGT 
GGCCACGGCA 
GAGCCACCCG 
"CTCGGTGGGC " 
GTTTTACAAC 
CAAAATGTTG 
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2501 GTCGTGACTG GGAAAACCCT GGCGTTACCC AACTTAATCG CCTTGCAGCA 

CAGCACTGAC CCTTTTGGGA CCGCAATGGG TTGAATTAGC GGAACGTCGT 
2551 CATCCCCCTT TCGCCAGCTG GCGTAATAGC GAAGAGGCCC GCACCGATCG 

GTAGGGGGAA AGCGGTCGAC CGCATTATCG CTTCTCCGGG CGTGGCTAGC 
2601 CCCTTCCCAA CAGTTGCGCA GCCTGAATGG CGAATGGCGC CTGATGCGGT 

GGGAAGGGTT GTCAACGCGT CGGACTTACC GCTTACCGCG GACTACGCCA 
2651 ATTTTCTCCT TACGCATCTG TGCGGTATTT CACACCGCAT ACGTCAAAGC 

TAAAAGAGGA ATGCGTAGAC ACGCCATAAA GTGTGGCGTA TGCAGTTTCG 
2701 AACCATAGTA CGCGCCCTGT AGCGGCGCAT TAAGCCCGGC GGGTGTGGTG 

TTGGTATCAT GCGCGGGACA TCGCCGCGTA ATTCGGGCCG CCCACACCAC 
2751 GTTACGCGCA GCGTGACCGC TACACTTGCC AGCGCCCTAG CCCCCGCTCC 

CAATGCGCGT CGCACTGGCG ATGTGAACGG TCGCGGGATC GGGGGCGAGG 
2801 TTTCGCTTTC TTCCCTTCCT TTCTCGCCAC GTTCGCCGGC TTTCCCCGTC 

AAAGCGAAAG AAGGGAAGGA AAGAGCGGTG CAAGCGGCCG AAAGGGGCAG 
2851 AAGCTCTAAA TCGGGGGCTC CGTTTAGGGT TCCGATTTAG TGCTTTACGG 

TTCGAGATTT AGCCCCCGAG GGAAATCCCA AGGCTAAATC ACGAAATGCC 
2901 CACCTCGACC CCAAAAAACT TGATTTGGGT GATGGTTCAC GTAGTGGGCC 

GTGGAGCTGG GGTTTTTTGA ACTAAACCCA CTACCAAGTG CATCACCCGG 
2951 ATCGCCCTGA TAGACGGTTT TTCGTCCTTT GACGTTCGAG TCCACGTTCT 

TAGCGGGACT ATCTGCCAAA AAGCAGGAAA CTGCAAGCTC AGGTGCAAGA 
3001 TTAATAGTGG ACTCTTGTTC CAAACTGGAA CAATACTCAA CCCTATCTCG 

AATTATCACC TGAGAACAAG GTTTGACCTT GTTATGAGTT GGGATAGAGC 
3051 GGCTATTCTT TTGATTTATA AGGGATTTTG CCGATTTCGG CCTATTGGTT 

CCGATAAGAA AACTAAATAT TCCCTAAAAC GGCTAAAGCC GGATAACCAA 
3101 AAAAAATGAG CTGATTTAAC AAAAATTTAA CGCGAATTTT AACAAAATAT 

TTTTTTACTC GACTAAATTG TTTTTAAATT GCGCTTAAAA TTGTTTTATA 
3151 TAACGTTTAC AATTTTATGG TGCAGTCTCA GTACAATCTG CTCTGATGCC 

ATTGCAAATG TTAAAATACC ACGTCAGAGT CATGTTAGAC GAGACTACGG 
3201 GCATAGTTAA GCCAGCCCCG ACACCCGCCA ACACCCGCTG ACGCGCCCTG 

CGTATCAATT CGGTCGGGGC TGTGGGCGGT TGTGGGCGAC TGCGCGGGAC 
3251 ACGGGCTTGT CTGCTCCCGG CATCCGCTTA CAGACAAGCT GTGACCGTCT 

TGCCCGAACA GACGAGGGCC GTAGGCGAAT GTCTGTTCGA CACTGGCAGA 
3301 CCGGGAGCTG CATGTGTCAG AGGTTTTCAC CGTCATCACC GAAACGCGCG 

GGCCCTCGAC GTACACAGTC TCCAAAAGTG GCAGTAGTGG CTTTGCGCGC 
3351 A 

T 
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cDNA primers 



VLK-c 


2TGGATGGTGGGAAGATGGA 


VLL-c 


rCAGAGGAAGGAAACAGGGT 


lgG1-c 


2TTACAACCACAATCCCTGGGCACAATTTT 


lgG2a-c 


2TTTGTGGGCCCTCTGGGCTCAAT 


lgG2b 


rGAAATGGGCCCGCTGGGCTCAAG 


IgG3-c 


3GGCTTGGGTATTCTAGGCTCGAT 


VH forward primers without restriction sites 


M-VH1 


GAGGTGCAGCTTCAGGAGTCAGG 


M-VH2 


CAGGTGCAGCTGAAGGAGTCAGG 


M-VH3 . 


GAGGTCCAGCTGCAACAGTCTGG 


M-VH4 


GAGGTTCAGCTGCAGCAGTCTGG 


M-VH5 


CAGGTCCAACTGCAGCAGCCTGG 


M-VH6 


CAGGTTCAGCTGCAGCAGTCTGG 


M-VH7 


GAGGTGAAGCTGGTGGAGTCTGG 


M-VH8 


GAGGTGAAGCTGGTGGAATCTGG 


M-VH9 


GAGGTTCAGCTTCAGCAGTCTGG 


VH backward primers without restriction sites 


M-JH1 


rGAGGAGACGGTGACCGTGGTCCC 


M-JH2 


TGAGGAGACTGTGAGAGTGGTGCC 


M-JH3 


rGCAGAGACAGTGACCAGAGTCCC 


M-JH4 


TGAGGAGACGGTGACTGAGGTTCC 


VL forward primer without restriction sites 


M-VK1 


GACATTGTGATGACACAGTCTCC 


M-VK2 


GATGTTGTGATGACCCAAACTCC 


M-VK3 


GATATCCAGATGACACAGACTCC 


M-VK4 


CAAATTGTTCTCACCCAGTCTCC 


M-VL1 


CAGGCTGTTGTGACTCAGGAATC 


VL backward primers without restriction sites 


M-JK1 


TTTGATTTCCAGCTTGGTGCCTCC 


M-JK2 


TTTTATTTCCAGCTTGGTCCCCCC 


M-JK3 


rrTCAGCTCCAGCTTGGTCCCAGC 


M-JL1 


ACCTAGGACAGTGACCTTGGTTCC 
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VH forward t 


)rimers with restriction sites 


MVH1 Sfil G 


JTCCTCGCAACTGCGGCCCAGCCGGCCATGGCCGAGGTGCAGCT-lvAOWi^ lUi^j 


MVH2 Sfil C 


STCCTCGCAACTGCGGCCCAGCCGGCC ATGGCCCAGGTGC AGCT<*aAW*A<» i'CAGG 


MVH3 Sfil C 


JTCCTCGCiUVCTGCGGCCCAGCCGGCCATGGCCGAGGT^ 1 C 


MVH4 Sfil C 


3TCCTCGCAACTGCGGCCCAGCCGGCCATGGCCGAGGTTCAGCTGCAGCAGTCTGG | 


MVH5 Sfil t 


3TCCTCGCAACTGCGGCCCAGCCGGCCATGGCCCAGGTCCAACTGCAGCAGCCTGG 


MVH6 Sfil 


3TCCTCGCAACTGCGGCCCAGCCGGCCATGGCCCAGGTTCAGCTGCAGCAGTCTGG 


MVH7 Sfil 


3TCCTCGCAACTGCGGCCCAGCCGGCCATGGCCGAGGTGAAGCTGGTGGAGTCTGG 


|MVH8 Sfil 


3TCCTCGCAACTGCGGCCCAGCCGGCCATGGCCGAGGTGAAGCTGGTGGAATCTGG 


[MVH9 Sfil 


3TCCTCGCAACTGCGGCCCAGCCGGCCATGGCCGAGGTTCAGCTTCAGCAGTC 


VH backward 


i primers with restriction sites 


MJH1 Sail 


GAGTC ATTCTCGTGTC GACACGGTG ACC GTGGTC CC 


MJH2 Sail 


PAGTCATTCTCGTGTCGACACTGTGAGAGTGGTGCC 


MJH3 Sail 


GAGTCATTCTCGTGTCGACACAGTGACCAGAGTCCC 


MJH4Sall 


GAGTCATTCTCGTGTCGACACGGTGACTGAGGTTCC 


VL forward 


primers with restriction sites 


MVK1 ApaL1 


TGAGCACACAGTGCACTCGACATTGTGATGACACAGTCTCC 


MVK2 ApaL1 


TGAGCACACAGTGCACTCGATGTTGTGATGACCCAAACTCC 


MVK3 ApaL1 


TGAGCACACAGTGCACTCGATATCCAGATGACACAGACTCC 


MVK4 ApaL1 


TG AGC AC ACAGTGC ACTCC AAATTGTTCTC ACCCAGT CTC C 


MVL1 ApaL1 


TGAGCACACAGTGCACTCCAGGCTGTTGTGACTCAGGAATC 


VL backwai 


d primers with restriction sites 


M-JK1 Not1 


GAGTCATTCTCGACTTGCGGCCGCTTTGATTTCCAGCTTGGTGCCTCC 


M-JK2 Not1 


GAGTCATTCTCGACTTGCGGCCGCTTTTATTTCCAGCTTGGTCCCCCC 


M-JK3 Not1 


GAGTCATTCTCGACTTGCGGCCGCTTTCAGCTCCAGCTTGGTCCCAGC 


M-JL1 Not1 


GAGTCATTCTCGACTTGCGGCCGCACCTAGGACAGTGACCTTGGTTCC 
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This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 
<QTblurred OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

< J3^LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



